ML i “k's btu wi 
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Editorial Seeing Is Believing and Vice Versa 


Articles Solar Spectroscopy: O. Mohler 


A new vacuum spectrograph at McMath-Hulbert Observatory makes possible 
greater accuracy in solar spectroscopy. 


Controlled-Climate Facilities for Biologists: §. B. Hendricks and F. W. Went 
Readers are asked to consider the feasibility of constructing what the 


authors term a “biotron.” 


European Science Museums: R. P. Multhauf 


A tour shows how they cope with the problems of displaying famous apparatus 
of the past and present, 


Arda Alden Green, Protein Chemist: S$. P. Colowick 
News of Science Final Form of Congressional Action on Federal Aid to Education; other events . . . . 
Book Reviews M.K. Munitz’s Space, Time, and Creation, reviewed by T. S. Jacobsen; other reviews 


Reports Serotonin Antagonism of Noradrenaline in vivo: 


P. Gordon, F. J. Haddy, M. A. Lipton 


Auxin Action on Coleoptiles in the Presence of Nitrogen and at Low Temperature: 
D. Adamson and H. Adamson 


Separation of Tobacco Leaf Proteins by Centrifugation agross aa Density 
Boundary: D. F. Koenig, J. K. Palmer, €.¢, Likes 


Identification of Growth-Promoting «-Hydro._ dats Acids Produced by 
Lactobacillus casei: M. N. Camien, A. V. Fowler, M.S. Dunn . ! 


Daily Rhythms in Male Harvester and Argentine Ants: E. S. McCluskey .... 
New Metabolites of Serotonin in Carcinoid Urine: W. M. McIsaac and I. H. Page . 


Spontaneous Changes in Corn Endosperm Tissue Cultures: J. Straus 
Association Affairs AAAS Finances: Report for 1957 


Departments Meetings; Letters; Equipment 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
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SQUARE 
FRACTIONATOR 


collects fractions directly 


in standard rectangular racks 

































































Model V 15? offers new convenience and elimi- 
nates possibility of errors in transferring tubes 
from the fractionator to racks. 


The racks themselves, with all the test tubes 
in the order collected, may be removed from 
the fractionator for further processing. 


The tubes are filled in the order shown in the 
boustrophedon drawing above. 


® Accurate collection in 225 test tubes 
® Eliminates 450 tedious test tube transfers 


® Equipped with 3 racks — each has 5 rows, 15 
tubes per row 


® Improved volumetric unit 


® Timer or N,I.L. drop counter attachment are 
available 





} 

MODEL V 152 Complete un with stainless steel test tube pan, 
three test tube racks for 225 test tubes (18 x 150 mm.), 
improved volumetric unit, 5-foot supporting column, 
2 apparatus clamps with rods, 2 funnel valves, collect- 
ing cylinders for fractions to 15 c.c. 


MODEL T 15? Complete unit with stainless steel test tube pan, 
three test tube racks for 225 test tubes (18 x 150 mm.), 
5-foot supporting column, 2 apparatus clamps with rods, 
timer for 18-sec. to 120-min. intervals in 6-sec. incre- 
ments. 


MODEL D 15? Complete unit with stainless steel test tube pan, 
three test tube racks for 225 test tubes (18 x 150 mm.), 
5-foot supporting column, 2 apparatus clamps with rods, 
N.1.L. drop counter, 


Extra stainless steel or aluminum test tube racks available. 





For descriptive brochure, write: 


GILSON MEDICAL 
ELECTRONICS 


MIDDLETON, WISCONSIN 
on Madison's West Beltline Highway 
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“,.no fact is so simple that it is not harder to believe than 
todoubt at the first presentation. Equally, there is nothing 
$0 mighty or so marvellous that the wonder it evokes does 
not tend to diminish in time. Take first the pure and un- 
dimmed lustre of the sky and all that it enshrines: the 
stars that roam across its surface, the moon and the sur- 
passing splendor of the sunlight. If all these sights were 
now displayed to mortal view for the first time by a swift 
unforeseen revelation, what miracle could be recounted 
greater than this ? What would men before the revelation 


THE RAND CORPORATION, 





Lucretius...on discovering truth 








a 


have been Ie : 
surely. So meer 
which no one now, : 
upward glance into t=@sPninous regions of the sky. So 
has satiety blunted the appetite of our eyes. Desist, there- 
fore, from thrusting out reasoning from your mind because 
of its disconcerting novelty. Weigh it, rather, with dis- 
cerning judgment. Then, if it seems to you true, give in. 
If it is false, gird yourself to oppose it.” 

—Lucretius, [st Century B.C. 


admit, thinks worthy of an 


SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 





SCIENCE is published weekly 


5 SEPTEMBER 1958 


the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $8.50: 


foreign postage, $1.50; Canadian postage, 75¢. 
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The P-E Model 13-U Universal Spectrophotometer 
YOU’D NEED A ROOMFUL OF INSTRUMENTS TO DO ALL 
THE JOBS HANDLED BY THIS ONE SPECTROPHOTOMETER 


At the price of a single instrument, the P-E Model 13-U 
Universal Spectrophotometer provides coverage over the 
complete spectroscopic range from ultraviolet to far infrared. 
The 13-U has been designed to give the researcher a single 
instrument that will handle almost any problem in absorp- 
tion spectrometry and spect 


The Perkin-Elmer Model¥aes ually several instru- 
ments combined through os jalized components 
into one custom-built ins aa p performance at 
a considerable reduction i xyprovides excellent 
spectra from 190 millimicro_____._ ultraviolet to 15 microns 
in the infrared . .. or to neat microns in the far infrared 
with an additional prism. 

The Model 13-U is readily adaptable to microspectrometric 
studies of liquid and gas samples as small as 0.1 mg. and to 
the study of sources and detectors. Its optical system is espe- 
cially suitable for hot cell studies; and scale expansion and 
zero suppression features permit extremely accurate quanti- 
tative and differential measurements to be made. 

Developed by Perkin-Elmer, a pioneer in spectroscopic 
instrumentation, the Model 13-U offers high performance 
and versatility across the complete range of analytical prob- 
lems. For descriptive literature, write the Perkin-Elmer Cor- 
poration, 750 Main Avenue, Norwalk, Conn. 

496 


Microscope attachment on the Model 13-U Universal 
Spectrophotometer permits qualitative, quantitative and 
molecular studies of extremely small samples. Conversion 
from micro to macro sampling is made in a matter of 
minutes. 


Visit us at the National Chemical Exposition in Chicago, 
and the Instrument-Automation Exhibit in Philadelphia. 


INSTRUMENT DIVISION 
Perkin-Elmer Gazi. 


NORWALK, CONNECTICUT 
SCIENCE, VOL. 128 
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Steam?... Dry Heat? ... Or Gas? 
With the discovery of new media it 
is now possible to integrate sterilization 
into your production program. It is pos- 
sible to sterilize materials which could 
be injured by dry heat or steam. And it 
is possible in many cases to sterilize the 
packaged product. 

Castle engineers are ptepared to 
discuss with you any sterilizing medium 
—whether new or conventional—that is 
best suited to your needs. 

You will profit from the 75 years of re- 
search and experience behind the Castle 
Engineered Sterilization Program. 


Send for this FREE Brochure 
Shows how CES helps 
solve your sterilization 
problems. Presents 
latest developments in 
dry heat, steam and 
GAS. aoew proqekm 
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To the scientific world the availability 
of this low-cost Replica Grating film is 
just a small event, but to we who have 
been striving to bring low-cost scientific 
items to the general public for years, it 
is a MAJOR event—so pardon our lib- 
eral use of the word amazing! When 
you purchase a piece of this and play 
and experiment with it, I believe you 
will agree with me that it is amazing! 


N. W. Edmund, President 
Edmund Scientific Co. 











<< ae aa: 
50-150-300 POWER MICROSCOPE 


Amazing Value—Equal of a $75.00 Instru- 
ment! 3 Achromatic Objective Lenses on 
Revolving Turret! Imported! The color-cor- 
rected, cemented achromatic lenses in the 
objectives give you far superior results to 
the single lenses found in the microscopes 
selling in this range. Results are worth the 
difference! Fine rack and pinion focusing. 
Steck No. 70,008-W $14.95 Pstpd. 
MOUNTED 500 POWER OBJECTIVE 
Threaded for easy attachment on 
above microscope. Achromatic lenses for fine 
viewing. 3 mm. focal length. 
Stock #30,197-W $5.00 Pstpd. 


TAKE PHOTOS of the MOON 
Through Your Telescope with 
EDMU 


CAMERA HOLDER 
for TELESCOPES 


Bracket attaches permanently to reflecting or refracting 
telescopes. Removable rod holds camera over eyepiece to 
take pictures of Moon . . . or terrestrial telephoto shots 
of distant objects. White metal projection screen permits 
you to see the sun spots! Includes brackets, 28%” rod, 
projection screen, screws, directions. 
Order Stock No. 70,162-W 
‘Send Check or M.O. 








$9.95 Postpaid 
Money-Back Guarantee) 





American Made — 

Over 50% Saving 
STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
; made. Used for checking, inspecting, 
; small assembly work. Up to 3” work- 
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 

23X and 40X. 





Stock No. 85,056W ...... $99.50 
f.o.b. Barrington, N.J. 
Low Power Supplementary Lens Attachment for above Stereo 
provides 15X down to 6X with clear, extra large 114” 
fleld at 6X 
Stock No. 30,276-W 


Never before such low price! 


NEW HAND SPECTROSCOPE 
Only possible because it «m- 


: ploys newly developed replica 


grating film—with 13,400 lines per inch. This grating is 
mounted in aluminum tube 444” long, %4” dia., with a 
fixed slit. Excellent for demonstrating spectrum; to ‘see 
spectral lines of gases; for recognizing transmission and 
absorption bands of colored glasses, filters, dyes. Also will 
identify more promient Fraunhofer Lines. 

Stock No. 30,280-W 


$2.50 Postpaid 





BUILD A SOLAR ENERGY FURNACE 
Good Geophysical Year Project 


A fascinating new fleld. You can build 
your own Solar Furnace for experimenta- 
tion—many practical uses, It’s easy— 
inexpensive—use your scrap wood. We 
furnish instruction booklet. This sun 
powered furnace will generate terrific 
heat 2000° to 3000°. Fuses enamel to 
metal—produces many unusual fusing 
effects. Sets paper aflame in seconds. Use our Fresnel Lens 
—14%” diameter . ] x! 


Stock No. 70,130-W Fresnel Lens $6.00 Postpaid 





ORDER BY STOCK NUMBER . 





EDMUND SCIENTIFIC CO. 
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¥ 
REPLICA 
GRATING 


I3A00LINES 






AT LAST AFTER DECADES OF EFFORT! 


” NMATINGLY LOW COST REPLICA GRATINGS 


You Can See All the Colors of the Spectrum 

The passage of a system of light waves past the edge of an obstacle is accompanied by a phe- 
nomenon known as diffraction. White light is broken up into the colors of the spectrum. Rulings of 
th ds of lines per inch have been made on glass to produce diffraction gratings. High price rep- 
licas of these have been made for years. Now we bring you film transmission Replica Gratings at a very, very low price. 
This film has 13,400 lines per inch running the long way. The film is 8 inches wide, about 7% inches covered with 
replica lines. Thickness about .005”. Dispersion about 24°. Use it for making spectroscopes, for experiments, as a 
fascinating novelty. It’s new, it’s really wonderful—order a piece today. You and your friends will be amazed! Comes 
in clear plastic protector. 

Stock No. 40,267-W—8” x 11” long piece 
Stock No. 50,180-W—8” x 6 ft. 





PPPPeT TT Peer os or $1.50 pstpd. 
$5.95 pstpd. 











See the Stars, Moon, Planets Close Up! 
’ ASTRONOMICAL REFLECTING TELESCOPE 


60 to 160 Power—An Unusual Buy! 
Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet Mars, hug 
craters on the Moon, Star Clusters, Moons of Jupiter in detail, Galax- 
ies! Equatorial mount with lock on both axes. Aluminized and over- 
coated 3” diameter high-speed f/10 mirror. Telescope comes equipped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
160 power. An Optical Finder Telescope, always so essential, is also 
included. Sturdy, hardwood, portable tripod. 

Free with scope: Valuable STAR CHART and 272 page *‘Astronomy Book.” 
ee SL BEPC oo. $29.50 1.0.0. 
(Shipping wt. 10 tbs.) Barrington, W.J. 





ASSEMBLED 
AND 
READY TO USE! 


Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year-old student. 


Smee 
SALE! Terrific WAR SURPLUS BARGAIN! Made by B & L and E. K. 





Gov’t. Cost $1218 


AERIAL CAMERA LENSES| &wr'.2".3330 


24” F.L. £/6, in 23” Long Lens Cone Used; $59.50 New 


Mounted in beautiful brass cells, lenses are 4” dia. precision 4-element type, Aero 
Tessar and Aero Ektar (no choice). Housed in cone—10” focal plane beyond cone 
and permits building on a film holder, eyepiece, etc. Lenses easily removed for other 
uses. Diaphragm is included—adjusts by flexible rod (easily extended) from £/6 
to f/22. Opens approx. 1” to 3%”. Lens and cone—wt. 25 lbs. Sturdy carrying 
trunk—vwt. 26 Ibs. 
USES: 1. For use as long range, Big Bertha Telephoto lens. 
(wide field, low power) telescope. 3. As Opaque Projector lens. 4. For use 
in Operation ‘‘Phototrack’’ (photographing Artificial Satellites) 
Order Stock No. 85,059-W 24”, used. Price $39.50 f.0.b. Utah 
Order Stock No. 85,060-W 24”, new. Price $59.50 f.0.b. Utah 
Send Check or M.0. — Money-back guarantee 











2. For Richest field 























LOW COST SCIENCE TEACHING AIDS DIRECT MEASURING POCKET 
HAND STROBOSCOPE—Stops visual motion of fan blades, etc. Black plastic ee ee POWER 
dise—8” dia.—6 slits. Hold in hand. Rotated with finger. Low price for 
student use. — . 
ee OR ce See rrr iets oe $3.00 : . = 
Plus postage & packing—35¢ . . . Total ............cceeeees $3.35 3 ARKAAKAK: fod 
COILED SPRING—WAVE DEMONSTRATOR—Similar to ‘‘walk down the o RETICLE PATTERN 
step’’ type toy—but triple length for demonstrating wave motion. observing 
pulses, understanding superposition and cancellations, ete. 3” dia,—é6” Fountain pen size, makes direct read- 
length when compressed—extends to about 50 ft. ing measurements; for checking small 
ee re er 2.00 parts and dimensions under powerful 
Plus postage & packing—50¢ . THE 4 cs sssleetaea bie eee $2.50 magnification. Precision, glass etched 

asure u 
RIPPLE TANK—Soon available . as well as other teaching aids. If © 1/10" by 001 atin d 
interested, write to have name included on our mailing list for BUL- ‘ ‘ 
LETINS NO. 50-W Stock No. 30,225-W .. $7.95 Pstpd. 


80 PAGES! 


CATALOG) sme 


Optics for the Space Era! OPTICAL BUYS 


Optics for the Science Class! 


Rte 





f 


Write for this amazing Catalog! You won't be sorry! 80 pages — 


hundreds of illustrations, charts, diagrams. A_ treasure-house of 
optical information . . . bargains galore. Scopes for observing Satel- 
lites, Moon, Planets, Rockets. Optics for classroom, research labs, 
experimenters, hobbyists! Instruments for checking, measuring. We 
give you FACTS, no fluff. Tell you what it is — how it works — 
where it’s used! 

COMPARATORS, MAGNIFIERS, MICROSCOPES 


Countless war surplus bargains — ingenious optical tools from 


foreign lands. Thousands of optical components: Infrared tele- 
scopes, microscopes, magnifiers, lenses, prisms, wedges, mirrors. 
mounts — accessories of all descriptions. Shop the Catalog of 


America’s greatest optical mart. Mail coupon. No obligation. 
WRITE FOR FREE CATALOG “W” 
. . SEND CHECK OR 





MONEY ORDER. . 


BAR 


. SATISFACTION GUARANTEED! 
INGTON, NEW JERSEY 
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Four new PYREX’® pipettes for 


These are just four of 485 new items 
added to the current PYREx glass lab- 
ware catalog, LG-1. The complete 
catalog now contains more than 9000 
items, indeed the world’s largest, widest 
line of borosilicate lab glassware. Send 
the coupon for a copy. 


No. 7101 is a volumetric pipette with 
larger than usual tip opening for faster 
filling and dispensing of viscous liquids. 
Tips are fire polished. Four sizes: 5 
through 50 ml. 


No. 7064 is a new Mohr type with 
extra-long tip for easier entry into 
narrow-necked flasks and tubes. Tips 
are double-bevel, ground satin-smooth 
to reduce chipping and snagging. Four 
sizes: 1/10 through 2 ml. 


5 SEPTEMBER 1958 























No. 7099 is a micro pipette with 
cylindrical tip, for use with Micro 
Volumetric Flask No. 5630 in accord- 
ance with recommendations of the 
Committee of Micro Chemical Ap- 
paratus, American Chemical Society. 
See Analytical Chemistry, Vol. 28, 
December, 1956, Page 1993. Tips are 
double-bevel, ground satin-smooth to 
reduce chipping and snagging. Five 
sizes: 2/10 through 3 ml. 


No. 7065 is the Accu-red pipette, an 
uncommonly good buy where accuracy 
is a must. They cost less than con- 
ventional pipettes because we use ex- 
ceptionally accurate bore tubing and 
apply the markings in “LIFETIME RED” 
without etching the glass. Markings 
are part of the glass, last as long as the 























special work 


glass. Tips are double-bevel, ground 
satin-smooth to reduce snagging and 
chipping. Eight sizes: 1/10 through 


fl CORNING GLASS WORKS ; 
75-9 Crystal Street, Corning, N.Y. 


Please send PYREX® catalog LG-1. 
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APPLICATION FOR HOTEL RESERVATIONS 
125th AAAS MEETING 
Washington, D.C., December 26-31, 1958 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Washington. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Washington and thereby avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly; a confirmation will be sent you in two weeks or less. 

As in any city, single-bedded rooms at minimum rates may become scarce; double rooms for single 
occupancy cost more; for a lower rate, share a twin-bedded room with a colleague. Most hotels will place 
comfortable rollaway beds in rooms or suites at $2.00 to $2.50 per night. Mail your application now to secure your 
first choice of desired accommodations. All requests for reservations must give a definite date and estimated hour 
of arrival, and also probable date of departure. 














AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 
Hotels with an asterisk have sessions in their public rooms. For a list of headquarters of each participating society and 
section, see page 151, Science, July 18. 

Hotel Single Double Bed Twin Bed Suite 
*Dupont Plaza $10.00-11.00 $13.00-14.00 $13.00-14.00 $21.00-27.00 
*Sheraton-Park 8.00-12.00 12.00-14.50 11.00-16.00 20.00-—60.00 
*Shoreham all 9.00 all 12.00 all 12.00 20.00-50.00 
*Statler all 10.00 all 14.00 all 14.00 24.00-—30.00 
*Washington 7.00— 8.00 11.00-12.50 11.00-12.50 24.50-45.00 
*Willard 10.00-12.50 13.00-17.00 14.00-18.00 25.00-35.00 
Roosevelt 7.00— 9.00 10.00—12.00 18.00-24.00 
Sheraton-Carlton 12.00-17.00 17.00-21.00 
Windsor Park all 9.00 all 14.00 all 14.00 13.00-18.00 

eS —-— THIS IS YOUR HOUSING RESERVATION COUPON ----------"""= 


AAAS Housing Bureau 
1616 K Street, N.W. Date of Application 
Washington 6, D.C. 


Please reserve the following accommodations for the 125th Meeting of the AAAS in Washington, D.C., Dec. 26-31, 1958: 
TYPE OF ACCOMMODATION DESIRED 


ee | eeeeeecece 


Single Room .......0. Sa ee.0s.e PEORMIECE TRAE vcs c.ct04e0's Maximum Rate .....sccccece 

Double-Bedded Room ........ Desired Rate ......seeseee Maximum Rate ...... ecoceese. Number in party ..cccceccccce 
Twin-Bedded Room .......... Desired Rate ......cseceee Maximum Rate ...ccccsssces 

Bute ook ccd eee ree SOCEM RGN 6 cisv occ cebiesé Maximiliin’ RAté. . o4:sscoxswie Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


eeeeeeeeeeeeeeeeeeeee eeeeeeee eee CHSSSESHSSHSHSSESHS HEHEHE EHEEHSHEHSHSEHSHEHHHSEHE HH EHSHEHEHEHESEHOEEEHEEE 


@eeeeeeeeeee CCHS EO SHEESH HEHEHE HEHEHE HEHEHE HEH EES COSHH EHHSESHSEHEHSESESESES ESSE EEHEHSHESSESHESHESHSHESHESEHEOHEEEEEEE 


First Choice if BR te ore Second Choice Hotel ....... eereeeeesece Third Choice Hotel ..'c< sesectccsevcess 


DATE OF ARRIVAL CHOOSES OHESHHE EEE HEHEHE HEHEHE EEE HEE EEE EE DEPARTURE DATE CeCe SSS SESH HSS SHSHSSHOHSSSSESSHOSHSEESEEE 


(These must be indicated—add approximate hour, a.m. or p.m.) 


NAME .ccccsscccccecscce 


eee eeeeeeresene SCOPES EEHEH SHSHHHSEHHEEEEHEHHESHEHHEEEEE EE SH HEEEHEE EE ESEOEOOSOOSOOOOEE 


(Individual requesting reservation) (Please priat or type) 
ADDRESS Cee eee eee eee eee eeeeeeeeeeee eeeeeeeeeseeeeeeee COMP HHHSHSHEHEHSSHSESSHEHHHHHEHSEHHE EH EHH EHH HEHEHE ESTES EHOOSSOOOS 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation, 
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MADE IN WEST GERMANY 


Write for literature 


GAL LEMS S, mi REPAIR SERVICE 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 


5 SEPTEMBER 1958 


CARL 
| ZEISS 


Standard 


Microscope 
Model GFL-654-633 








CARL ZEISS Standard Microscopes are the 
products of nearly a century of experience in 
microscope design and construction. The 
STANDARD series is offered in a wide variety 
of models to suit every purpose, one of which 


is the versatile MODEL GFL-654-633. 


This model features a special tube and Attach- 
ment Camera designed to make photomicrog- 
raphy positive, simple and fast. Its accom- 
plishments in bright and dark field, phase 
contrast, micro-projection and photomicrog- 


raphy are renowned. 


Mechanically and optically this instrument is 
without a peer. Attachment Camera makes 
standard 35 mm film pictures (1 x 114 in.) in 
black-and-white or natural color. A reflex 
prism, attachment ring and focusing eyepiece 


assure speed and éase of accurate operation. 


Get complete details on the CARL ZEISS 
Standard Microscope GFL-654-633 before in- 


vesting in photomicrographic equipment. 















GUARANTEED 
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To meet the most exacting requirements 
of gamma ray analysis... 











IN INDUSTRY 
...OR RESEARCH 




















THE TMC Model PA-2A 
AMPLISORTER 


Te 





wo 
oS 
nm 


Gamma ray spectrum analysis — from high energy 
industrial “tags” to the lowest level biological 
tracers — is more accurate when done with the pre- 
cision TMC Model PA-2A Amplisorter. The Model 
PA-2A combines an extremely fast, accurate single- 
channel pulse height analyzer with a non-overloading 
linear amplifier in a single compact unit. The 
PA-2A offers many design and performance ad- 
vantages for precision gamma counting. Here are 

a few: 


ANALYZER 


Fast — counts pulses only 0.5 us. apart ... Accurate 
— discerns pulse differences as small as 0.5 volts 
using a Bell-Francis x10 window amplifier ... 
Stable — maintains 1% window width stability in 
a 1 volt window over long periods . . . Dependable — 
quality components used throughout, including six 
E180F type 10,000 hour premium tubes which do 
not require pair matching. 

Differential/Integral switch provides two counting 
modes — differential for “window” counting, in- 
tegral for counting all pulses above the baseline 
(useful in setting up experiments or testing instru- 
ment). Spectra can be plotted in the differential 
mode by adjusting the 0-100 volt variable baseline 
control to the lower limit of a 0-5 volt wide window 
and counting all pulses within the window. 


AMPLIFIER 


Wide Band — Dynamic Range of 5,000 to 1 means 
accurate counting of low level pulses in the pres- 
ence of a large, high energy background; and 
counting of pulses 5,000 times greater than corre- 
sponding maximum output without pulse stretching 
. . . Non-Overloading — amplifier has special high 
level output stage designed to be ultra-linear up to 
100 volts and limit sharply at 120 volts to prevent 
overloading following instruments . . . Ultra-linear, 
Fast Rise —0.1% for output up to 100 volts; 0.15 
us. rise time, 10%-90%; gain of 8000. 

Clipping time selector switch provides a choice of 
0.5, 1, 2, 5, 10, 20 us. R.C. clipping, or 1.0 us. delay 
line. Internal adjustment also permits choice of long 
or short (2 us.) R.C. clip at the input. 

Price $1000 f.o.b. New Haven 

Both the Analyzer and the Amplifier are available 
as separate units: Model AL-4A Linear Amplifier, 
Model PA-1A Single-channel Analyzer. 

Complete details of the PA-2A Amplisorter or 
related TMC scalers, ratemeters and detectors are 
available on request. 


TECHNICAL MEASUREMENT CORPORATION 


140 STATE STREET, NEW HAVEN, CONNECTICUT 
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Seeing Is Believing and Vice Versa 


Does the conduct of a scientific experiment, once science has advanced 
beyond the descriptive or natural history stage, require of the investigator 
anything more than a refined version of the qualities expected of a good 
witness in court? That is to say, does the conduct of a scientific experiment 
involve anything more than the careful and detailed observation of a cer- 
tain set of phenomena by the use of certain instruments? We suppose that 
the answer is no if the scientist testifies only about those events that he 
sees directly with his own two eyes. But then you do not have science, only 
the description of some pieces of equipment. When the report turns to the 
results of an experiment, then something more is involved. Since there is 
sometimes the temptation to regard an experiment simply as the precise 
observation of a certain set of phenomena, it may be worth while to remind 
ourselves of what is also required. 

This distinction between ordinary testimony and the report of the results 
of a scientific experiment was emphasized by Pierre Duhem (1861-1916), 
a French physicist who is known today primarily for his contributions to 
the history and philosophy of science. After making this distinction, Duhem 
went on to examine the meaning of doing an experiment. To understand 
his conclusions it is not necessary to refer to the very latest developments 
in experimental inquiry. It will be sufficient for us to consider, as does 
Duhem, the relationship between what a novice might see upon first enter- 
ing a physics laboratory stocked with ordinary pieces of equipment and 
what a physicist might report about his own activities there. 

Suppose that our novice upon entering the laboratory spies a tangent 
galvanometer. He might say that he sees insulated copper wire wrapped 
around a circular frame in the center of which is suspended a small steel 
bar. He might also comment that the direction of the bar is indicated by a 
pointer that can be read against a scale. But our physicist in reporting his 
own activities probably would make no reference to the small bar or to the 
direction in which it is pointing. He would say that he is measuring the 
intensity of the electric current flowing in the copper wire. To bridge the 
gap, however, between his own report and the testimony of the novice, the 
physicist might add that he is bringing the reading of the pointer on the 
scale into a certain formula. But if the physicist continues his efforts at 
explanation he will find himself giving a course in electromagnetic theory, 
for the formula is a consequence of the fundamental laws of that discipline 
and its full understanding requires that one first understand those laws. 

All of which means that there is a lot of homework to be done before 
one becomes a scientist. But to do an experiment requires something more 
than mere study. There is the simple circumstance that not every event 
that the novice observes has the set of phenomena under investigation as 
its cause. To distinguish those events arising from the set of/ phenomena 
under investigation from those created or mutilated by the workings of the 
instrument requires the use of the theory that the novice has just learned. 
But in addition to learning the theory, the novice must also accept it as 
true. For if he regards the theory as false he will have no basis on which 
to distinguish between appearance and reality, and if he regards a rival 
theory as true he will make the distinction in a different way. In addition 
to the precise observation of a set of phenomena, the conduct of an experi- 
ment also requires the interpretation of those phenomena. If seeing is 
believing, then so also is believing seeing —J.T. 

















Inside the portable frequency standard. Four Labora 
tories-developed devices make it possible: (1) transistor, 
which converts the power from a battery to radio fre 
quency oscillations; (2) voltage reference diode, which 
maintains constant voltage; (3) piezoelectric crystal unit 
of superlative stability; (4) thermistor, which corrects 
for temperature variations. 





Bell Laboratories Announces 
Pocket-Sized Frequency 
Standard for Microwave Systems 





Lawrence Koerner, who developed the portable frequency standard, demon- 
strates how the device can be plugged in at a radio relay station to supply a 
checking frequency. Battery-powered, the device maintains precision cali- 
bration for several months. 


Microwave radio relay systems depend critically on the 
accuracy of their “carrier” frequencies. At scores of relay stations 
along a route, carrier frequency oscillators must be checked peri- 
odically against a signal from a precise standard. 

In the past, the maintenance man has had to obtain his check- 
ing frequency by picking up a standard radio signal from a 
government station. This operation takes time—and requires 
elaborate equipment. 

With a new portable frequency standard developed by Bell 
Laboratories engineers, the job is much simplified. To check an 
oscillator, the portable standard is plugged in, and a button is 
pressed, In seconds, it supplies a checking frequency accurate 
to one part in a million. 

Until now, such precision in a frequency standard has been 
obtainable only in a laboratory. The new portable standard makes 
it available for routine use in the Bell System. First use of the 
standard will be to maintain frequency control in a new micro 
wave system for telephone and TV, now under development at 
Bell Laboratories. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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CURRENT PROBLEMS IN RESEARCH 





Solar Spectroscopy 


A new vacuum spectrograph at McMath-Hulbert Observ- 
atory makes possible greater accuracy in solar spectroscopy. 


It is extremely difficult to find a labo- 
ratory source of radiation that is as in- 
tense and reliable as the sun. Perhaps 
this is the reason why the sun has for 
many years provided the radiant energy 
for experiments that have been decisive 
in the development of essential instru- 
ments and techniques of modern spec- 
troscopy. At the present state of the art, 
the compliment is being returned. Meas- 
urement and analysis of spectrum photo- 
graphs are the principal means of study- 
ing the sun, and various spectroscopic 
procedures provide the observations 
which are the bases for deductions of 
solar chemical composition and physical 
conditions of motion, temperature, pres- 
sure, density, and electric and magnetic 
field strengths. Historically, progress in 
the determination of these elements of 
solar structure has depended heavily 
upon the development and _ perfection 
of observing apparatus. There follow 
some examples of the parallel growth of 
the instruments and of concepts in solar 
spectroscopy and the description of a 
new vacuum spectroscope for use in solar 
studies at the McMath-Hulbert Observa- 
tory of the University of Michigan. A 
brief discussion of some of the unex- 
pected results obtained with this instru- 
ment makes clear a need for future 
improvements in solar astronomical in- 
strumentation. 


Genesis of Solar Spectroscopy 


Solar spectroscopy began with Isaac 
Newton’s (/) summary statement that 
“the sun’s light is a heterogeneous mix- 
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ture of rays” and that these can be 
“parted or sorted from one another.” 
Newton drew this conclusion from the 
results of personal repetitions of experi- 
ments, common in his day, with triangu- 
lar glass prisms and beams of light of 
narrow cross section. 

Newton described one of his first ex- 
periments in this way: “In the sun’s 
light let into my darkened chamber 
through a small round hole in my win- 
dow shut, I placed a lens. . . . Imme- 
diately after the lens I placed a prism, 

. and thereby the round image which 
the lens alone did cast upon the paper 
might be drawn out into a long one with 
parallel sides. . . . Instead of the circular 
hole . . . *tis better to substitute an ob- 
long hole shaped like a long parallelo- 
gram with its length parallel to the 
prism. . . .-The edges of the prism and 
lens must be covered with black paper 
glued on... . / All light of the sun’s beam 
let into the chamber which is useless and 
unprofitable to the experiment ought to 
be intercepted with black paper. . . . It’s 
difficult to get glass prisms fit for this 
purpose, and therefor I used sometimes 
prismatic vessels made with pieces of 
broken looking-glasses, and filled with 
rainwater. .. .” 

Newton’s observations with this primi- 
tive spectroscope led him to conclude: 
“Whiteness and all grey colors between 
white and black, may be compounded 
of colors, and the whiteness of the sun’s 
light is compounded of all the primary 
colors mix’d in due proportion.” 

From the time of the discovery of the 
colors in the white light of the sun, each 
improvement in the spectroscope has re- 


vealed new features in solar radiation, 
but progress was rather slow in the years 
following the publication of Newton’s 
O pticks (1704). Almost a century elapsed 
before the discovery of dark lines inter- 
secting the continuous band of solar spec- 
trum colors was announced by Wollaston 
(1802) (2), ina paper that is considered 
by many to be the ultimate model of 
occult description. Wollaston saw only 
a few of the strongest dark lines in- 
terrupting the continuous spectrum, and 
he seemed to regard them as boundaries 
separating the seven homogeneal colors 
urged by Newton as the elemental com- 
ponents of white light. 

There is a completely adequate reason 
for the leisurely rate of advance in spec- 
troscopy and optical science in the 18th 
century, and the quotation given above 
from Newton’s Opticks shows that he 
was well aware of the cause of the 
trouble. Although the lenses and prisms 
in the spectroscopes of Newton and Wol- 
laston were as large as many now in use, 
the poor quality of the glass prevented 
the formation of very good optical 
images. Such technical imperfections 
often led experimenters to amusingly in- 
correct generalizations. 

This situation was completely changed 
during the first quarter of the succeeding 
century. The Swiss glassmaker Guinand 

3) discovered a method of producing 
first-quality glass, and reproducible spec- 
troscopic measurements become possible. 
Under Guinand’s tutelage Joseph Fraun- 
hofer mastered the art of making optical 
glass and, in attempting to perfect his 
methods of manufacturing scientific in- 
struments, made a detailed study of 
spectra of flames, of the sun, of the 
planets, and of a few of the brighter 
Incidentally he produced both 
transmission and reflection diffraction 
gratings, the first measurements of the 
wavelengths (which can be considered 
precision designations of color) of solar 
spectrum lines, a map of the position of 
600 dark lines in the sun’s spectrum, and 


Stars. 


the first convincing demonstration that 
the dark lines in the spectra of astro- 
nomical objects were characteristic of 
the observed object and were not prod- 


The author is on the staff of the McMath-Hul- 
bert Observatory of the University of Michigan, 
Pontiac, 
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ucts of the instruments or methods of 
observation. Furthermore, Fraunhofer 
noted an apparent coincidence in wave- 
length between the dark lines, which he 
had labelled “D,” in the spectrum of the 
sun and the close pair of yellow lines 
visible in the spectrum of a candle flame. 


Growth of Spectroscopic Concepts 


More than thirty additional years of 
improved observation and measurement, 
made possible by Fraunhofer’s refine- 
ments in the art of glassmaking and the 
construction of scientific optical instru- 
ments, were to pass before the recog- 
nition of a principle that connected 
emission and absorption of radiation 
in light sources. Then, in 1859, just a 
hundred years ago, G. Kirchoff (4) an- 
nounced the fundamental principle that 
has made spectroscopic chemical analy- 
sis of the sun’s atmosphere possible. This 
relation is: The ratio between the emis- 
sive power and the absorptive power is 
a constant for all bodies at a given tem- 
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Fig. 1. Diagram of the McGregor solar 
tower tclescope of the McMath-Hulbert 
Observatory. See Fig. 2 for a diagram of 
the spectroscope used with this telescope. 
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perature. At the time of its announce- 
ment, Kirchoff’s law completely: re- 
oriented research in physics, and _ its 
implications for the understanding of 
the radiation of the stars are still being 
studied in detail. Kirchoff demonstrated 
experimentally one of the most impor- 
tant consequences of this statement— 
namely, a gas which emits a line spec- 
trum also absorbs the lines it emits. He 
further concluded from direct compari- 
son of emission lines in laboratory sources 
with the absorption lines in the solar 
spectrum that at least 21 of the terres- 
trial chemical elements must also be 
present on the sun. 

But one more fundamental principle 
was needed to provide a broad base for 
solar spectroscopic studies. At about the 
time that Kirchoff and his colleague, 
Bunsen, were reporting their methods of 
spectroscopic chemical analysis, a rather 
puzzling suggestion concerning the spec- 
trum colors was being debated in the 
scientific journals. Doppler (5) suggested 
that the vbserved color of a luminous 
body depended on its state of motion 
with respect to an observer. Fizeau (6) 
correctly, and independently of Dop- 
pler’s suggestion, directed attention to a 
small change in wavelength in the ab- 
sorption lines in the spectrum that would 
result if the sun were in motion, which 
would destroy the nice coincidence pre- 
dicted by Kirchoff between laboratory 
emission lines and solar absorption lines. 
Lockyer verified Fizeau’s ideas, in the 
case of the sun, when he recorded vari- 
able distortions, shifts, and broadenings 
of solar spectrum lines. He recognized 
these as evidence of motion in the solar 
gases. “The accompanying changes of re- 
frangibility of the lines in question show 
that the absorbing material moves up- 
wards and downwards as regards the 
radiating material and that these mo- 
tions may be determined with consider- 
able accuracy” (7). 

After the discovery and verification of 
Kirchoff's law, and of the Doppler- 
Fizeau method for the measurement of 
motion in the line of sight, it soon be- 
came apparent that all of the results of 
laboratory spectroscopy could be applied 
directly to the study of the chemical and 
physical constitution of the sun, and 
solar spectroscopy was well begun. 

In the years that followed, a number 
of instruments were designed especially 
for the analysis of solar radiation, and 
experience in their use demonstrated 
that definitive, quantitative answers to 
solar spectroscopic problems could be 
obtained only by the use of highly per- 


fected designs and procedures. Today 
the best that spectroscopy can give to 
solar astronomy is not yet quite good 
enough. The McGregor tower telescope 
and the vacuum spectroscope of the Mc- 
Math-Hulbert Observatory (8) are rep- 
resentative of attempts to meet these 
needs. This recently (1955) completed 
installation embodies a number of im- 
provements that have brought new ac- 
curacy and facility to the study of solar 
structure. Figure 1 is a diagram of the 
telescope, and Fig. 2 is a diagram of the 
spectroscope. 


Some Features of the McMath-Hulbert 


Spectroscope 


There are four features in the con- 
struction of the McMath-Hulbert spec- 
troscope that should be given detailed 


mention because they may indicate di-’ 


rections toward possible solution of the 
more persistent problems in solar spec- 
troscopy. 

Firstly, wherever possible, mirrors 
have been used in place of lenses so that 
the achromatism of the entire system 
may be as perfect as possible. Perfect 
achromatism assures correct focusing of 
invisible radiation, and it is required if 
all wavelength regions between the cut- 
off at 0.00029 millimeter by asmospheric 
ozone and the cut-off at 0.0240 milli- 
meter by water vapor are to be studied 
without making extensive adjustments 
for each change of wavelength. 

Secondly, the entire spectroscope is 
sealed inside a vacuum tank, thus elimi- 
nating all possibility of image deteriora- 
tion as a result of air currents flowing 
around and across the optical parts. A 
secondary but still very important ad- 
vantage, that insures uniform and repro- 
ducible results, is obtained because the 
vacuum tank protects the mirrors and 
gratings from dust and condensation. 
These considerations are different from 
those that lead to the construction of 
large laboratory vacuum spectroscopes. 
Air is removed from laboratory instru- 
ments to obviate absorption of ultravio- 
let and infrared radiation. In solar spec- 
troscopy the amount of air traversed by 
a beam of radiation in a spectroscope is 
trivial in comparison with the long path 
it must travel through air in order to 
reach the instrument from the sun. 

Thirdly, the dispersing element of the 
spectroscope is one of the best of the 
new, modern gratings. It is a plane grat- 
ing, ruled in an aluminum coating sup- 
ported by an optically figured, flat Pyrex 
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base. Modern methods of ruling grat- 
ings produce very high concentration of 
the dispersed light in desired spectral 
regions. Such gratings have been made 
possible by many years of careful devel- 
opment of techniques and instruments 
by many gifted scientists, and they rep- 
resent a remarkable improvement over 
the prototypes first ruled directly in glass 
by Fraunhofer. The latest steps toward 
the perfection of gratings are being taken 
by Babcock, at Mount Wilson Observa- 
tory; Harrison, at Massachusetts Insti- 
tute of Technology; Richardson, at 
Bausch and Lomb; Strong, at Johns 
Hopkins University; and Gerasimov, at 
the Leningrad Institute for Technical 
Optics. Babcock ruled the grating of the 
vacuum spectroscope of the McMath- 
Hulbert Observatory especially for this 
instrument in 1954. The Babcock grat- 
ing is mounted on an electrically driven 
turntable which can be rotated to per- 
mit either photographic or photoelectric 
registration of any desired spectral re- 
gion. During the course of photoelectric 
recording, the grating may be rotated 
continuously at rates between 1.0 and 
0,005 degree per hour to provide a slow 
drift of the spectrum across the photo- 
electric exit slit (Fig. 2). 

Fourthly, a small prism spectroscope 
(see “monochromator,” Fig. 2) is placed 
in the beam of radiation before the en- 
trance slit of the main instrument (ac- 
tually the spectrum produced by this 
component of the vacuum spectroscope 
is about one-fortieth as long as the spec- 
trum used by Newton). The prism spec- 
troscope acts as a filter, or monochroma- 
tor, with adjustable transmission charac- 
teristics. With its assistance, most of the 
incident solar radiation can be excluded 
from the main instrument and only the 


portion under investigation admitted. 
This is a rather erudite way of follow- 
ing Newton’s important, and often neg- 
lected advice, quoted above: “All light 
of the sun’s beam let into the chamber 
which is useless and unprofitable to the 
experiment ought to be intercepted with 
black paper.” Throughout the spectro- 
scope absorbing screens and diaphragms 
eliminate all possible stray radiation. 


Performance of the Instrument 


Each of the features of the construc- 
tion of the McMath-Hulbert vacuum 
spectroscope listed above contributes in 
part to the high-contrast, high-resolution 
performance of the instrument. A spec- 
tral image has perfect contrast if test ab- 
sorption lines, known to be absolutely 
black, are imaged with no radiation fill- 
ing in their dark centers. The ratio of 
the intensity of the background of con- 
tinuous radiation upon which the black 
test line is superposed to the intensity of 
the radiation at the bottom of the line 
image therefore approaches infinity as a 
limit, as the image approaches perfec- 
tion. Since some energy is scattered from 
all real optical surfaces, perfect contrast 
can never be achieved, and a contrast 
ratio greater than 25 is very good in- 
deed. Different measurements of the 
contrast ratio of the present instrument 
have been made by several different ob- 
servers, using different standard lines, 
and the resulting values of the ratio lic 
between 25 and 60. The higher values 
can be obtained only with the most ex- 
acting attention to the adjustment of the 
prism monochromator, so that it admits 
an extremely small amount of radiation 
into the larger instrument. 


Undoubtedly, much of the credit for 
this performance should be attributed to 
the excellence of the Babcock grating, as 
also should the high resolving power of 
the instrument. The practical resolving 
power of a spectroscope is defined as the 
ratio of the mean wavelength of two 
lines, just clearly visible separately, to 
their difference in wavelength. The value 
of this characteristic of the vacuum spec- 
troscope of the McMath-Hulbert Ob- 
servatory varies, with the conditions of 
use of the grating, from 100,000 to more 
than 1 million and for general observa- 
tions lies in the range 400,000 to 800,000. 


Lines in the Solar Spectrum 


If the absorption lines in the solar 
spectrum had been first observed with 
spectroscopes as powerful as this, it is 
doubtful that they would have been 
called lines. It is evident from a glance 
at Fig. 3 that in a high-contrast, high- 
resolution spectroscope, the solar lines 
look like stacks of bristles, or short 
streaks. 

Figure 3 is a reproduction of the ap- 
pearance of the first line of the Balmer 
series of hydrogen, Ho. The smooth, 
very narrow lines are produced by the 
water vapor in the earth’s atmosphere. 
The largest variations in the edges of 
Ha, when the spectrum comes from a 
quiet part of the sun, occur on the red- 
ward side of the line (the right side, in 
Fig. 3). If these structures are inter- 
preted, following Lockyer, with the aid 
of Doppler and Fizeau’s principle, then 
they are evidence of the motion of small 
clouds of gas on the sun, but differences 
of temperature and density from volume 
to volume must also play a large part in 
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Fig. 2. Diagram of the McMath-Hulbert vacuum spectroscope for solar spectroscopy. See Fig. 1 for a diagram of the solar tower tele- 
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causing the streaks. Oddly, the observa- 
tion of the spectrum of an active (but 
not too active) part of the sun, contain- 
ing transient features such as sunspots, 
reveals lines much less “bristly” than the 
lines from the more quiescent areas. The 
active regions referred to are called 
plages, and although they are the part 
of the sun in which spots and flares and 
other, often explosive, phenomena burst 
forth, the relatively smooth lines they 
produce are evidence that some force, 
possibly magnetic, restrains the normal 
motions of the small gas clouds. 

The average thickness of the streaks, 
a measure of some average dimension of 
the clouds, is about 3500 kilometers on 
the surface of the sun. At the earth’s dis- 
tance, 3500 kilometers, or slightly more 
than half of the earth’s radius, subtends 
an angle of about 5 seconds of arc. Bris- 
tles on the edges of the “lines” in the 
solar spectrum are produced both by 
changes in the total length of the streaks 
and by shifts of these elemental compo- 





Fig. 3. The solar spectrum line Ho, (center vertical band), which appears as a stack of 
bristles or short streaks. The upper edge of the dark horizontal band at the bottom is the 
edge of the sun. From left to right, the wavelengths (in angstroms), and identifications 
of the spectral lines are: 6561.105 (HOH, earth) ; 6562 (?) ; 6562 (Ha, sun) ; 6563.533 
(HOH, earth) ; 6564.075 (HOH, earth) ; 6564.220 (HOH, earth). Note the bulge at 
the edge of the sun at the position of the Ha line. This is produced by the chromosphere. 
A distance of 1 millimeter along the spectral lines is equivalent to 2? seconds of arc on 


the sun. 
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nent structures. There seems to be no 
evidence at Ha for an underlying uni- 
form dark central core on which the 
streaks are superposed. The width of the 
individual streaks, interpreted as mo- 
tions, has a minimum value of 30 kilo- 
meters per second and an upper limit 
of about 50 kilometers per second. Meas- 
urements of the centers of the individual 
streaks range within plus or minus 16 
kilometers per second, with the average 
shift from the mean position averaging 
only 0.6 kilometer per second. 

The changes in intensity that make 
the streaks visible can also be measured. 
Values of the ratio of the difference of 
intensity from the average value along 
the spectrum line to the mean value 
range from 15 to 30 percent. At the 
edges of the line, these values may go as 
high as 80 percent. The wider bristles 
are generally more intense at their cen- 
ters than the narrow ones. A careful ex- 
amination of the lines in Figs. 3 to 6 
provides strong evidence that the streak- 


o 








like bristles originate in an outer layer of 
the sun, the chromosphere. Near the 
edge of the sun the bristles widen and 
finally merge without perceptible inter- 
ruption into the bulge on the edge of the 
spectrum which is produced in the chro- 
mosphere. 

Figure 4 shows the second member of 
the Balmer series of hydrogen HB. The 
Hf streaks are nearly identical in kind 
with those of Ha, but there is some evi- 
dence of an underlying, uniform, live 
center. They continue without interrup- 
tion into the chromospheric bulge at the 
edge of the sun and, just as in the case 
of Ha, are doubtless formed chiefly in 
the outer atmosphere of the sun. Close 
by HB appear a strong line of iron and 
weaker lines of ionized and neutral chro- 
mium, iron, and vanadium. The streaks 
in the lines of the metals are generally 
similar to those in the hydrogen lines, 
from which one concludes that either 
all of these details of line structure are 
formed in the same layers of the sun or, 
if they are formed at different levels, the 
characteristics of the different regions are 
closely correlated. 

Near the center of the line of ionized 
calcium, labelled “K” by Fraunhofer 
(Fig. 5), the streaked structure, which 
except for somewhat greater coarseness, 
resembles hydrogen in size and distribu- 
tion, reaches its most conspicuous devel- 
opment in the entire solar spectrum. 
The center of the K line is flanked by 
two bright borders that have been for 
many years past the subjects of intensive 
study and the sources of many concepts 
of the circulation of the sun’s upper at- 
mosphere. Nearly always the violet «om- 

ponent of the emission (left center in Fig, 
5) is the brighter, and this difference in 
brightness persists to the edge of the 
sun. It is possible to suppose that the 
observed asymmetry results from the ex- 
pansion of hot masses of gas rising 
through the chromosphere to cooler 
regions. 

If the slit of a spectroscope is illumi- 
nated by ordinary sunlight, instead of by 
the solar image from a well-focused tele- 
scope, then the K line has the appear- 
ance shown in Fig. 6. All of the streaks 
and bristles in the line vanish, but the 
predominant brightness of the violet 
emission component remains. A measure: 
ment of the width of the outer edges of 
the emission components shows that this 
quantity is directly related to the sun’s in- 

trinsic brightness, just as similarly meas- 
ured widths of K lines in other stars are 
related to their brightness (9). The ob- 
servational discovery that the widths of 
the central emission structures in the K 
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line are connected with stellar brightness 
provides one of the strongest indications 
of the fundamental importance of the 
study of the detailed structure within 
the solar spectrum lines. Special spec- 
troscopic instruments are required for 
the recording of this elusive structure 
with high precision. 


Desirable Instrumental Improvements 


Observations at the McMath-Hulbert 
Observatory have shown clearly that the 
streaks and bristles of the spectral lines 
revealed by the vacuum solar spectro- 
scope at Lake Angelus give physical data 
for some of the small structures on the 
sun. The next great need is an instru- 
ment that will make possible spectro- 
scopic observation of the very smallest 
solar features, structures that in some 
cases subtend angles no larger than 1/2 
second of arc. 

The general lines of construction for 
the desired improved spectroscope would 
doubtless be similar to those already 
tried in the vacuum spectroscope of the 
McMath-Hulbert Observatory, but with 
even greater attention paid to the elimi- 
nation of all parasitic light by the use 
of more powerful auxiliary monochrom- 
ators, improvement of all optical sur- 
faces, both reflecting and refracting, and 
especially the improvement of diffraction 
gratings. Much of the success of a very 
large solar spectroscope depends on the 
production of more perfect and larger 
diffraction gratings than now exist; to 
produce them seems to be well within 
the capabilities of known techniques for 
ruling gratings. 


Specifications for a 


High-Resolution Observatory 


The smallest feature visible in a solar 
image is determined in large part by the 
earth’s atmosphere. At all observatories, 
experience shows that the most favorable 
conditions occur in the early morning 
hours and at high altitudes. The tele- 
scopic image is most tranquil and most 
clearly defined under these conditions. 
The image is also much brighter at high 
altitudes than at sea level. Such con- 
siderations indicate that a solar observa- 
tory seeking the best possible definition 
of the image should be located high 
above sea level and should have an un- 
obstructed eastern horizon. 

It may be that in some future time it 
will be possible to make telescopic solar 
observations from above the earth’s at- 
mosphere, and indeed some important 
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Fig. 4. The solar spectrum line Hf (center vertical band). The lower edge ‘of the dark 
horizontal band at the top is the edge of the sun. From left to right, the wavelengths (in 
angstroms) and identifications of the spectral lines are: 4859.747 (Fe, sun) ; 4860.220 
(Cri, sun) ; 4860.992 (Fel, sun) ; (?) (HB, sun) ; 4861.849 (Cr!, sun) ; 4861.953 (?); 
4862.551 (Fel, sun) and 4862.604 (V1, sun). Note that the bristles in the lines of metals 
correlate with those in the Hf line. Scale along the lines: 2 millimeters is equivalent to 
1 second of arc. 





Fig. 5. (Top). The solar spectrum line K, Cal! (center vertical band). The upper edge 
of the dark horizontal band at the bottom is the edge of the sun. From left to right, the 
wavelengths (in angstroms) and identifications of the spectral lines are: 3932.638 (Fe!) ; 
3932.916 (Fe!); 3933.532 (K2V) bright line; 3933.683 (K3) dark line; 3933.863 
(K2R) bright line. All lines are sun lines. Note the similarity between the line structures 
in Figs. 3, 4 and 5. Scale along the lines: 2 millimeters is equivalent to 1 second of 
arc. Fig. 6 (Bottom). The solar spectrum line K made with integrated sunlight. For 
identification of the lines, see Fig. 5. The bristles are absent; the solar light on the spec- 
troscope slit is not focused into a sharp image. 
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exploratory observations have already 
been made. However, the equipment re- 
quired for precision, quantitative, solar 
records must be very large and must be 
guided on the sun for minutes of time 
with no error larger than a few tenths 
of a second of arc. The size of the tele- 
scope and its associated equipment .are 
determined by geometrical considera- 
tions from which there seems to be no 
escape. 

Radiation detectors at present in use 
for recording the sun, such as photo- 
graphic plates, thermocouples, and pho- 
toelectric cells, demand that the smallest 
angular size to be recorded must have a 
linear scale of at least 25 microns (1/40 
mm) in the telescope’s focal plane. It 
follows directly from the geometry of 
the telescope that if measurements of 
structures only 14 second of arc in size 
are sought, the equivalent focal length 
cannot be less than 10.3 meters and pref- 
erably should be three or four times this 
value, if one makes a reasonable pro- 
vision for ease of observation. Experi- 
ments at the McMath-Hulbert Observa- 
tory have demonstrated that focal lengths 
as long as 1 kilometer can be profitably 
used for fine structure studies. 

The diameter of the telescope objec- 
tive is fixed by the wave properties of 





radiation and the angular size of the 
smallest object to be observed. A tele- 
scope capable of forming an image of 
the sun on a scale of 4 second of arc 
per 1/40 millimeter, or 10 seconds of 
arc per millimeter, using infrared radia- 
tion of wavelength 0.0025 millimeter, 
must have a diameter of 2.5 meters and 
a minimum focal length of 21 meters. It 
should be noted that the solar image pro- 
duced by a telescope with a ratio of focal 
length to objective diameter equalling 
21/2.5, or 8.4, is much “too hot to han- 
dle.” The focal length must be increased, 
so that the same amount of energy is 
spread over a larger area, until instru- 
ments in the focal plane are not heated 
uncontrollably. Simultaneously, the in- 
crease in the size of the sun’s image 
makes it easier. to study small structures. 


Conclusion 


These are some of the fundamental 
reasons why a very large telescope is re- 
quired for significant progress in the 
study of fine structure on the sun over 
a broad wavelength range. A solar tele- 
scope with an aperture of a meter, or 
several meters, and a focal length of.the 
order of 100 meters does seem to be a 


Controlled-Climate 


Facilities for Biologists 


Readers are asked to consider the feasibility of 


constructing what the authors term:a “biotron.” 


S. B. Hendricks and F. W. Went 


Knowledge of the effects of the envi- 
ronment on the growth and development 
of plants and animals has come from 
two different approaches: (i) observa- 
tions in the field and (ii) laboratory ex- 
periments. Field observations are very 
difficult to interpret because of the com- 
plexity and nonreproducibility of the 
many climatic variables, whereas in 
laboratory experiments only a single en- 
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vironmental variable can 
studied. To bridge this gap, it is neces- 


sary to have laboratory facilities in which 


usually be 


the whole range of climatic variables may 
be controlled individually so that the in- 
teraction of these variables on the organ- 
isms can be assessed. 

The first facility for the study of plant 
growth under a wide range of controlled 
conditions was constructed at California 


practical possibility. Accompanied by a 
properly matched spectroscope of mod- 
ern design, it would constitute a research 
tool more nearly adequate than any ex- 
isting instrument for dealing with the 
questions raised by the presence of the 
line details shown in Figs. 3-6, and the 
completely baffling correlation of these 
formations with the brightness of the 
sun. 

Indeed, a very large telescope for the 
study of the sun would not only make 
possible observations of solar fine struc- 
ture when the earth’s atmosphere is 
“well-behaved,” and good definition is 
possible; even under unfavorable condi- 
tions it would enormously extend the 
attainable precision and productivity in 
nearly all fields of solar physics now in- 
vestigated with smaller instruments. 
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Institute of Technology in Pasadena, in 
1948-49. This facility was dubbed a 
“phytotron” in a humorous moment, but 
the term was so appropriate that it has 
endured. The variables under control 
are chiefly ranges of temperature, light 
intensities, and cycles of these variables. 

The Pasadena phytotron has been fully 
described elsewhere (1), and the results 
obtained through its use are in the lit- 
erature. The phytotron has been gen- 
erally accepted as an experimental tool, 
comparable to telescopes, particle accel- 
erators, fossil collections, and other tools 
of science. Interest in such facilities, al- 
though it comes predominantly from 
plant scientists, has also been expressed 
by others experimenting with animals; 
thus the concept of a “biotron” devel- 
oped. 

A question naturally arises with re- 
gard to a successful experimental tool: 
How might it be made more widely 
available? With regard to a biotron, as 
well as other experimental tools, this is 
a complex question, involving enthusi- 
asm, needs, effort and cost, the interest 
of groups of individuals, and the degree 
to which the community of biologists 
can afford to support the tool. 
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That interest in phytotrons became 
widespread is shown by the increased 
number of applications to the National 
Science Foundation for funds to con- 
struct controlled-environment facilities. 
Because of this interest, the foundation, 
in 1957, requested the American Insti- 
tute of Biological Sciences to report on 
the need among biologists for such con- 
trolled-environment laboratories and to 
advise the foundation about the criteria 
on which applications should be judged. 
The findings included the realization that 
two needs existed: (i) individual growth 
chambers to create reproducible experi- 
mental conditions and to obtain uniform 
plant material and (ii) large facilities in 
which the effects on plants of different 
climatic variables could be studied si- 
multaneously. 

Since the report of this committee 
was not explicit about the most desir- 
able size of a phytotron, or about the 
specific needs for one or more phyto- 
trons in different regions of the United 
States, another committee was created to 
study specifically the feasibility of bio- 
trons, including not only botanical but 
also zoological needs. This committee, 
financed by the National Science Foun- 
dation under contract with the Botani- 
cal Society of America, consisted of S. B. 
Hendriks, P. J. Kramer, C. S. Pitten- 
drigh, C. L. Prosser, A. J. Riker, and 
F. W. Went, with Arthur Hess, who was 
responsible for the mechanical design of 
the Pasadena phytotron, as a consulting 
engineer. 

The committee, to discharge its first 
obligation of sensing the level of enthu- 
siasm, encouraging cross-talk, and im- 

parting such information as it had, met 
early in May 1958 with small groups of 
biologists in four sections of the United 
States. Some of the pertinent points and 
issues raised are presented here, with the 
intention of informing anyone who 
might be interested in constructing a fa- 
cility or in sharing in the effort with 
others, 


Factors To Be Controlled 


The factors of environment that were 
widely considered desirable for bringing 
under controlled variation were light, 
temperature, insolation, humidity, and 
cycles. Other factors that might require 





Dr. Hendricks is chief chemist at the Mineral 
Nutrition Laboratory, U.S. Agricultural Research 
Service, Beltsville, Md.; Dr. Went is professor of 
biology at California Institute of Technology, 
Pasadena. This article was prepared for the Com- 
mittee on Feasibility of Biotron Construction of 
the Botanical Society of America. 
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attention were the nature of media 
(composition of air, salinity), pressure 
(both air and hydrostatic), ionizing radi- 
ation, air ionization, and movement, as 
of air and stream flow. To attain many 
levels of these variables in the possible 
combinations was recognized as requir- 
ing a large facility. Accordingly, these 
types, as well as more limited arrange- 
ments, were considered. 

A first and specific requirement of a 
phytotron is control and availability of 
high-intensity light. This necessitates the 
use of accessory glass houses using solar 
radiation and of considerable cooling 
capacity for controlled rooms. Plants 
generally can be housed together, but in 
the case of animals separate considera- 
tion has to be given to various classes. 
Animals would chiefly share with plants 
the requirement of temperature varia- 
tion in the environment which might be 
affected by common controls. They 
might require gradual change, sinusoi- 
dal perhaps, instead of the abrupt ones 
used with plants. 

Dormancy problems, for instance, of 
both plants and animals would have 
similar temperature and cycling require- 
ments. Ancillary equipment for gas 
analysis, irradiation in limited spectral 
regions, production of high humidity, or 
control of wind velocity, as examples, 
could often be met in common. 

The considerable size of a possible in- 
stallation, the mechanical and electrical 
services required, and the use of ancillary 
equipment forced early consideration of 
meeting the needs for studies on both 
plants and animals in one structure, de- 
spite some of the obvious drawbacks. 
General agreement was expressed that 
some degree of combination would be 
desirable not only for economic reasons 
but also for the cooperation and stimu- 
lation that results from having bota- 
nists and zoologists work together. At 
one extreme was a single structure with 
separate parts for environments for 
plants and animals. At the other ex- 
treme were smaller biotrons adapted 
only to plants or animals and devoted 
to more limited studies. An intermediate 
position, which was often stated, was to 
put major emphasis on either plants or 
animals, with minor attention to the 
other. 

At these meetings it was obviously im- 
possible to get complete representation 
of research biologists, but an attempt was 
made to have at least some representa- 
tives of the botanical, zoological, agri- 
cultural, phytopathological, and other 
fields. Whereas the botanists made it 
clear that controlled conditions are an 


absolute necessity for the solution of 
many of their problems, the zoologists 
seemed to feel less urgency in their needs. 
However, all the zoologists agreed that 
they could make use of the facilities if 
available, and there is little doubt that, 
once they start, the field will develop as 
it has in botany. 


Problems for Study 


Among the problems most generally 
brought up for study in a biotron were 
the following: temperature and photo- 
period effects, general interaction of en- 
vironmental factors, rhythmic and cy- 
clic studies, germination, separation of 
genetic and environmental effects, mech- 
anisms of adaptation, acclimation, evo- 
lution, speciation, dormancy, and hiber- 
nation. Others such as radiation effects, 
hormonal control, mitosis and meiosis 
studies, environmental effects on plant 
pathology, life-span studies, and some 
marine problems were also considered. 


Design and Location 


Many questions of design require con- 
sideration. Are the plants and animals 
to be placed in one compartment for the 
duration of an experiment and the en- 
vironment varied as desired within this 
compartment? This is to be weighed 
relative to shifting the experimental sub- 
ject from chamber to chamber as is done, 
in part, in the Pasadena phytotron. A 
design for a phytotron in Canberra, 
Australia, has been drawn up after the 
first of these patterns, in which about 
300 small cabinets are to be used. 

The clean-cut distinction was some- 
times missed between controlling the en- 
vironment and study of the effects of its 
variation. The former is desirable in 
many cases and is widely used in the 
growth of plants where interest centers, 
for instance, on reproducible conditions 
for nutrition or the effects of herbicides. 
Many animal colonies are maintained 
under fixed conditions both for stand- 
ardization and control of disease. But 
these types of installations are outside 
the present consideration because they 
are more easily attained. When the dis- 
tinction was realized, a desire was nev- 
ertheless expressed to encourage the 
production of some type of standard 
chamber. 

Types of possible locations were dis- 
cussed, It was generally agreed that any 
installation should be on a campus to 
benefit fully from existing facilities and 
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academic associations. The location 
should be one accessible by travel over 
short distances from one or more ad- 
ditional universities. This is to encourage 
use of the facility by groups of individ- 
uals during sabbatical years and non- 
teaching periods. To this end, some resi- 
dential quarters would be desirable. 


Conclusion 


To complete the first phase of the 
work of the Biotron Committee it would 
be desirable to get further expression of 
the needs and specific requirements from 
biologists all over the United States. To 
this end, the Biotron Committee invites 
suggestions and ideas pertinent to the 


planning of national biotron facilities so 
that no possibilities will be overlooked. 
The committee is specifically charged 
with the investigation of large-scale fa- 
cilities and should not primarily concern 
itself with individual controlled-environ- 
ment chambers. Thus far our considera- 
tions have been completely independent 
of actual cost. It is assumed that, pro- 
vided that the need for biotron facilities 
is unequivocally demonstrated, funds 
will be forthcoming. 

To assist the National Science Foun- 
dation in arriving at realistic cost figures 
for biotrons, the committee is now draw- 
ing up preliminary designs for a large 
installation in which studies of environ- 
mental effects on both plants and ani- 
mals can be undertaken. It is also in- 


European Science Museums 


A tour shows how they cope with the problems of 


displaying famous apparatus of the past and present. 


Among the many treasure houses of 
Renaissance Florence still to be seen in 
that city is one easily overlooked by the 
uninitiated visitor, although to reach it he 
has but to proceed to the Arno through 
the court of the Ufizzi Gallery and turn 
left to the rear of that building. Here is 
the Palazzo Castellani, once the resi- 
dence of the Podesta of Florence and 
now the home of the Museo di Storia 
della Scienza. Here the visitor can wan- 
der through quiet rooms housing the 
fragile three-century-old glass apparatus 
familiar from the pages of the Saggi of 
the Accademia del Cimento, the first 
scientific academy in Europe—a force- 
ful reminder that the Saggi and similar 
publications are not the sole evidences 
of the work of the busy experimenters of 
the nascent age of modern science. 

The oldest collection of apparatus dis- 
played here is the legacy of the house 
of Grand Duke Ferdinand II, where 
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these relics of the curious hobby of the 
illustrious ancestor rested quietly for a 
century after his death until their first 
exhibition in 1775. As a result of subse- 
quent accretions in the course of its evo- 
lution into the museo of today, this is a 
somewhat motley collection, including, 
as well as some apparatus illustrated 
in the Saggi, mechanical, electrical, and 
pneumatic apparatus for the demon- 
strations dear to the heart of the 18th 
century scientific enthusiast and the 
telescopes and microscopes favored by 
connoisseurs of baroque craftsmanship. 
Many of these pieces came from other 
early Italian centers of scientific activity 
and were acquired in 1929, at the time 
of the National Exposition of the His- 
tory of Science. Relics of such distin- 
guished Italian scientists as G. B. Amici, 
Felice Fontana, and Paolo Mascagni 
comprise the bulk of these collections. 
The fever of enthusiasm for experi- 





tended to design an installation for small 
nonaquatic animals as a prototype. A 
modification of the Pasadena phytotron 
to incorporate the experience gained 
through its present operation and to per- 
mit some studies of animals vwvill be 
undertaken. In this last case, attention 
will center on the possible application to 
ecology since the degree of interest is 
great. Finally, design of some type of 
box units will be considered. These 
designs will be available, in the final 
report of the committee, to groups 
that are interested in creating such facil- 
ities. 
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mental natural philosophy which spread 
across 17th century Europe has left ma- 
terial traces elsewhere, in museums and, 
increasingly rarely, in private collections. 
An air pump of von Guericke can be 
seen in Munich (at the Deutsches Mu- 
seum) (J). The Boyle-Hooke pumps have 
been lost, but an early pump modeled 
after Boyle’s first one can be seen in 
Leiden (at the Netherlands National 
Museum of the History of Science), 
and the fashionable designs of the Abbé 
Nollet and of Senguerd can be seen in 
many places. The earliest electrical ma- 
chines seem not to have survived, but 
many examples remain from the flower- 
ing period of electrical experimentation, 
among the most notable being Hawks- 
bee’s (in the collection of the Royal 
Society of London) and the great ma- 
chine of van Marum, in Haarlem (at the 
Teyler museum). 

The optical and mechanical preoccu- 
pations of the age are similarly repre- 
sented. The telescopes of Galileo in 
Florence and the reflector of Newton in 
London (in the collection of the Royal 
Society )are only the most famous of 
the many telescopes preserved. Of the 
very large instruments, understandably, 
scarcely anything remains, although the 
barrel of Herschel’s great reflector still 
exists at the Observatory House, Slough, 
England. The pre-, or anti-, telescopic 
observers have also left few relics, al- 
though instruments associated with the 
name of Brahe exist in Kassel, Munich, 





The author is head curator of the department 
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and Prague. Some of the instruments 
from the early days of the observatories 
in Paris and London remain, both at the 
old observatories themselves and in the 
respective national museums (the Con- 
servatoire Nationale and the Science 
Museum). 

Examples of that other epoch-making 
optical instrument, the microscope, 
abound in European museums in the 
multitude of forms dictated by utility, 
economy, and style. An original Leeu- 
wenhoek instrument can be seen at 
Leiden (2) as part of an excellent his- 
torical display of instruments by Leeu- 
wenhoek and other early makers. Early 
examples of the work of the famous 
English makers of commercial micro- 
scopes are especially evident in the Eng- 
lish museums. 

In mechanics, much remains from the 
period of the spread of Newtonianism, 
in the form of more or less elegantly con- 
structed demonstration apparatus, sets 
of pulleys, inclined planes, and the like. 
Perhaps the oldest set preserved is that 
made by the Musschenbroek family, in 
Leiden. The mechanical clock, displayed 
to show its works, can be seen in many 
places, notably in the well-kept Huygens 
room at Leiden, where one finds some of 
Huygen’s original timepieces and repli- 
cas of others. At Greenwich (at the Na- 
tional Maritime Museum), the four 
chronometers of John Harrison tick 
again, and the Kassel Landesmuseum 
boasts a clock by Joost Biirgi. 

Most of the older museums are rela- 
tively small and fail, understandably, to 
maintain the richness of their collections 
far into the 19th century. That century 
saw the rise of national museums of sci- 
ence, notably in France and England, 
where an attempt was made not only to 
continue the preservation of scientific 
and technological relics but to provide 
a home for such of the earlier materials 
as were in danger of being lost. The 
national museums have grown to a size 
discouraging to the visitor with limited 
time. This disadvantage, however, is 
merely a reflection of the corresponding 
expansion of science itself. Today most 
of these museums are engaged in pro- 
grams of renovation in an effort to dif- 
ferentiate the reference collections of in- 
terest chiefly to the specialist from the 
halls designed to appeal to the general 
visitor. 

In addition to the museum in Flor- 
ence, I visited a number of the other mu- 
seums in Europe in the course of the 
tour upon which this article is based 


(3). 


5 SEPTEMBER 1958 


Paris: Conservatoire National 
des Arts et Métiers 


The Conservatoire National des Arts 
et Métiers was created in 1794, by order 
of the National Convention, as a school 
for study of the applied arts and sciences. 
A collection of machines was assembled, 
notably those used by Jacques de Vau- 
canson (who died in 1782) for the train- 
ing of workmen. Its existence as a 


significant science museum dates from 
1814, when great quantities of scien- 
tific relics were received. Through the 
19th century, apparatus was steadily 
added, much of it through the initiative 
of some of the great personalities of 
French science. From time to time other 
outstanding collections were acquired, 
such as that of the Académie des Sci- 
ences, in 1866. Since 1799 the Conserva- 
toire has occupied the i1th-century 





Alchemical laboratory of the 16th century. Full-sized reconstruction in the Deutsches 
Museum, Munich. [Courtesy of the Deutsches Museum] 
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Research apparatus with which the interference of Roentgen rays was discovered by M. 
von Laue, W. Friedrich, and P. Knipping, in 1912. (Left) tube; (right) spectrograph; 
(inset) Laue diagram of zinc blende. [Courtesy of the Deutsches Museum, Munich] 
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Benedictine priory in Saint-Martin-des- 
Champs. Its quaint halls have long since 
suffered the overcrowding which tends 
to convert a museum into a warehouse, 
and today even the historian of science 
is likely to feel the onset of museum fa- 
tigue as he peers down its long corridors 
of massed cases. The critic would do 
well, however, to remind himself that 
here, more than anywhere else, have the 
sine qua non of a museum of science, 
the materials themselves, been preserved. 
The mute testimony of this -museum 
speaks more emphatically of the seri- 
ousness with which science has been cul- 
tivated in France than many a eulogistic 
literary account of la science frangaise. 
The scientific collection is rich for 
the end of the 18th century, especially in 
the odds and ends of scientific work; in 








(Top) An observatory clock of Joost 
Biirgi, about 1590; (bottom) rear view 
of the same clock, with the case removed. 
[Courtesy of the Hessisches Landesmu- 
seum, Kassel] 
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the field of optics, for example, the cata- 
log lists 68 mirrors, prisms, and lenses 
received in the initial collection of 1814, 
not counting those which are parts of 
instruments. If it can be assumed that 
most of these represent the 18th century 
(the catalog is unfortunately of no assist- 
ance here), it would appear that this 
museum constitutes the richest source of 
working—as opposed to decorative—ap- 
paratus from that century. 

Although associated from its origin 
with a school, this is fundamentally a 
study collection for specialists. The use 
of scientific exhibits for teaching, which 
has been initiated in the museums of 
Germany, Austria, and Sweden, has been 
undertaken in France through the estab- 
lishment of a separate museum, the 
Palais de la Découverte. 

Among the more spectacular items in 
the scientific collections are the highly 
decorative apparatus of Abbé Nollet, 
comprising one of the most interesting 
examples of the scientific cabinets es- 
teemed by the wealthy 18th-century 
amateurs of science, and, scarcely less 
ornamental, the original apparatus of 
Lavoisier. Less decorative but no less 
interesting are the original refrigeration 
apparatus of Carré and Cailletet’s appa- 
ratus for the liquefaction of gases. 


Paris: Palais de la Découverte 


The Palais de la Découverte had its 
origin in the scientific exhibits shown in 
connection with an international exposi- 
tion, the Paris fair of 1937. Established 
in the Grand Palais, itself a survival of 
another international exposition, the ex- 
hibits have been maintained and kept up 
to date through an association with the 
University of Paris. 

The Palais is a more or less perma- 
nent exhibition of science rather than a 
museum of the history of science. The 
conception of setting up an animated 
textbook of science—or perhaps one 
should call it a laboratory extended in 
space rather than time—has been car- 
ried out in varying degrees elsewhere, 
but never on so grand a scale as here, 
where one may see animated demonstra- 
tions not only of the experiments of 
Galileo and Newton but also of those of 
de Broglie (undulatory mechanics) and 
Langevin (ultrasound). Although its ob- 
jectives are not primarily historical, the 
Palais has encountered the necessity, in 
the arrangement of such exhibits, of 
bringing in the historical background, 








and some of the exhibits are highly his- 
torical in. character. Little effort, how- 
ever, is made to emphasize historic ap- 
paratus, 

So comprehensive a display requires a 
vast allotment of space, and the Palais is 
vast, although it occupies but a minor 
portion of the Grand Palais. It also re- 
quires curatorship of a highly specialized 
character, and this it is able to obtain by 
virtue of the relationship existing with 
the University of Paris. One may surmise 
that the feasibility of maintaining such 
an exposition depends upon its location 
in a great metropolis near the geographi- 
cal center of the country. 


London: Science Museum 


Following the Great Exhibition of 
1850, a proposal was made by the Prince 


Consort for the establishment of a mu- — 


seum of science. The consequent plans 
were implemented in 1857 through the 
establishmnt of the South Kensington 
(after 1899, the Victoria and Albert) 
Museum, wherein were exhibited, among 
a great many other things, collections 
illustrating foods, animal products, 
building materials, and educational ap- 
paratus. The Science Museum in its 
present form originated in the famous 
1876 Special Loan Exhibition of scien- 
tific apparatus, much of which was 
subsequently acquired by the museum. 
Fortunately, historic apparatus and ma- 
chinery had been sufficiently esteemed in 
England to make possible the assembly 
of an extraordinarily complete series il- 
lustrating the development of the sci- 
ences and technical arts; this collection 
has occupied independent quarters, 
under the name of the Science Museum, 
since 1909. 

In 18th-century materials this mu- 
seum appears to be less rich than the 
Conservatoire in Paris. Through succes- 
sive enlargements of its quarters, how- 
ever, the Science Museum has succeeded 
to a degree not equaled elsewhere in en- 
compassing the 19th century. Only here 
can the student of technology in its ebul- 
lient adolescence expect to find a suffi- 
cient representation of the successive de- 
velopment of machines to serve as an 
adequate record of that prolific century. 
Science is nearly as well covered, al- 
though its relatively less materialistic 
character is reflected in the collections. 
The most comprehesive group of instru- 
ments is the “King George III” collec- 
tion, so-called because of its connection 
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A porticn of the Astronomisch-Physikalische Kabinett of the Hessisches Landesmuseum, 
Kassel. Shown are (left to right) a celestial globe of Joost Biirgi (1585), an astronomical 
sector of John Dolland, and the steam-engine cylinder attributed to Denis Papin. [Cour- 
tesy of the Landesmseum] 


with that monarch. The collection com- 
prises over 300 instruments, the princi- 
pal part of which was assembled from 
1740 to 1768 by Demainbray, a tutor to 
the royal family. Many of the instru- 
ments are designed to demonstrate New- 
tonian philosophy as expounded in Desa- 
guliers’ Experimental Philosophy—in 
fact, some of them may have been built 
by Desaguliers himself. George Adams 
is, however, the principal constructor 
represented. Notable among the later 
materials are original apparatus of 
Ramsden and other founders of scientific 
surveys; apparatus of Graham, Ramsay, 
and other British chemists; and electrical 
materials from researches of the later 
19th century. By no means all of the his- 
toric scientific apparatus in London has 
gravitated to the Science Museum. 
Hawksbee’s vacuum pump and Newton’s 
reflecting telescope are in the library of 
the Royal Society, and a considerable 
number of relics of the scientific work 
of the luminaries of the Royal Institu- 
tion (such as Rumford, Davy, Faraday, 
Tyndall, and Dewar) are on display in 
that venerable institution. A very hand- 
some display of instruments is also to be 
found in the Navigation Room of the 
National Maritime Museum, Greenwich. 

As it has to all technical museums, the 
20th century has presented a formidable 
challenge to the ingenuity of the staff of 
the Science Museum. The vast sequences 
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of instruments and machines which have 
long been the resort of the student of 
technological development are in danger 
of termination through lack of space. 
Whereas most of the earlier materials 
are original, the machines of today are 
often represented by models or demon- 
stration exhibits. A new wing is under 
construction, but the new exhibits. are, 
out of sheer necessity, forced into a pat- 
tern similar to that introduced in Mu- 
nich and Vienna, in which the history 
of a science or art is ancillary to an ex- 
position of principles, or at best is pre- 
sented in its main lines, at the expense 
of the subtleties which the specialist 
seeks for further elucidation of a story 
he already knows. 


Oxford: Museum of the 
History of Science 


Possibly the most impressive single 
collection of antique scientific instru- 
ments, the Museum of the History of 
Science, in Oxford, had its genesis in the 
bequest to Oxford of the collections of 
Elias Ashmole. “Mr. Ashmole’s Rarities” 
were put on exhibition in 1683 in the 
present building, adjacent to Wren’s 
Sheldonian Theatre, a building which is 
supposed to have been influenced in de- 
sign by the College of Science planned, 
by Wren, for construction in London, 


but never built. The “rarities” consisted 
of natural history specimens already ex- 
hibited for over 20 years in London by 
the Tradescant brothers. A residue of 
the original collection can still be seen, 
including a head and foot from the two 
dodos which once graced the collection, 
but the “rarities” were otherwise the 
victims of one of the most unfortunate 
“house-cleaning” operations on record. 

Although originally a museum, the 
building has had a varied career and 
only assumed the form of the present 
museum in 1949. The lower room was 
originally fitted as “one of the most 
beautiful and useful [chemical labora- 
tories] in the world,” and still houses 
“furnaces and other necessary materials,” 
though little if any equipment from the 
original Ashmolean “elaboratory.” The 
other floors are occupied by various out- 
standing subsequent acquisitions, of 
which only a few can be mentioned here. 
The Orrery collection, assembled by the 
great-nephew of Robert Boyle, consists 
of about 20 instruments, chiefly astro- 
nomical, dating from between 1658 and 
1710. The Lewis Evans collection of 
astrolabes and sundials contains the larg- 
est collection of the former ever assem- 
bled in one museum. Other astronomical 
collections derive from the Royal Astro- 
nomical Society and from Radcliffe Ob- 
servatory. 


Cambridge: Whipple Museum; 
Museum of the Cavendish Laboratory 


The Whipple Museum of the History 
of Science, in Cambridge, was organized 
in 1949, on the basis of a sumptuous col- 
lection of instruments assembled by 
Robert Whipple of the Cambridge In- 
strument Company between 1919 and 
the date of its presentation to the Uni- 
versity of Cambridge. Especially note- 
worthy in this impressive exemplification 
of the possibilities which existed so re- 
cently in scientific-instrument collecting 
are an 8-inch reflecting telescope made 
by William Herschel about 1800 and 
two refractors made by Christopher 
Cock, the maker of Hooke’s microscope. 
There is also an original Cock micro- 
scope, part of a large and continuous 
series of microscopes dating from 1650 
to 1850. Interesting also is a set of geo- 
metric models, by George Adams, to 
illustrate Euclid’s books xi and xii on 
solid geometry. 

The number of instruments originat- 
ing in Cambridge does not appear large 


515 



































































































Ci:ristopher Polhem’s ore conveyor, as used in the “Charles XII shaft,’’ Falun, Sweden; 
drawing (top) by Samuel Sohlberg and model (bottom) in the Tekniska Museet, Stock- 


holm. [Courtesy of the Tekniska Museet] 


—perhaps a reflection of the newness of 
the museum. A most impressive showing 
of Cambridge instruments is, however, 
to be seen in the halls of the Cavendish 
Laboratory. Here are exhibited original 
equipment from Maxwell, Rayleigh, J. 
J. Thomson, C. T. R. Wilson, Lord 
Rutherford, and F. W. Aston, probably 
the most notable assemblage of relics of 
the history of modern physics to be 
found anywhere. 


Vienna: Technisches Museum fiir 
Industrie und Gewerbe 


The inclusion of both scientific and 
technological materials, which charac- 
terizes the national museums in Paris 
and London, despite the differences in 
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their titles, is to be found to a lesser de- 
gree in the Vienna museum. More than 
any other museum, this one attempts to 
cover in its exhibits the entire range of 
technical subject matter, including fields, 
such as the technology of food produc- 
tion and processing, which are very 
sketchily touched upon elsewhere. The 
museum opened in 1918, after a natal 
period of 45 years, during which time 
various independent museums of rail- 
ways, post and telegraph, and industrial 
hygiene came into being and were inte- 
grated into the plan for the Technisches 
Museum. 

While the fundamental purpose of the 
museum appears to be the exposition of 
the principles of contemporary technol- 
ogy, reliance for the accomplishment of 
this has been placed upon the illustration 








of its historical development, and upon 
the use of operating and demonstration 
models. This would appear to have been 
the first museum to utilize visitor par- 
ticipation extensively. In the physical 
sciences the majority of the exhibits are 
demonstration experiments performed 
by guides at standard laboratory tables, 
the historical approach being utilized to 
a lesser degree than in Munich. The 
quantity of historical materials exhibited 
is also considerably less, a fact which is 
presumably attributable in part to the 
existence of two fine collections of an- 
tique instruments elsewhere in Vienna, 
the cabinets of the Kunstgewerbe and 
Kunsthistorisches museums. 


Munich: Deutsches Museum 


Founded in 1903, as a museum “to 


show the great influence of scientific re- ° 


search on technology and the historical 
development of the various industries,” 
the Deutsches Museum of Munich re- 
centiy celebrated its fiftieth anniversary, 
having survived World War I, which de- 
layed its opening until 1925 (although 
portions of the collection had been ex- 
hibited much earlier in the Bavarian 
National Museum), and World War I], 
in which it suffered the destruction of 
most of its exhibit halls through bombing. 
On the credit side, it is perhaps worth 
mentioning, as noted in the anniversary 
publication, that World War II may 
have saved the museum from the increas- 
ing pressure of the Nazi party to divert 
its purposes to other ends (4). 

Like the Technisches Museum in 
Vienna, the Deutsches Museum was de- 
signed to instruct in the principles of 
science and technology as well as to show 
the history of science and technology. 
The latter museum has led in the art of 
the cleverly contrived push-button ex- 
hibit and, since the war, in the replace- 
ment of strictly utilitarian exhibits with 
elegant and sometimes spectacular dis- 
plays which seek to exploit the beauty 
as well as the technical interest of the 
machine. This new concept of display, 
which was anticipated in the Stockholm 
Tekniska Museet, has had great influ- 
ence on most of the other technical mu- 
seums. On the debit side, it involves a 
reduction in the number of specimens 
on exhibit. 

The hall of physics was very nearly 
the only one to survive the war intact, 
and it remains in its original condition, 
an interesting example of prewar mu- 
seum technique in this otherwise new 
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museum. The hall of chemistry is new; 
halls of astronomy and geodesy are 
partly completed. The over-all recon- 
struction of the museum was about half 
completed in the spring of 1956. 

The outstanding original scientific 
specimens in the museum are in the hall 
of physics. Here one can see von 
Guericke’s air pump and the famous 
Magdeburg hemispheres, Ohm’s static 
electric machine, Meyer’s calorimeter, 
Hertz’s resonators, the telegraphic ap- 
paratus of Soemmering and Steinheil, 
and von Laue’s apparatus for x-ray inter- 
ference. The great refractor built by 
Frauenhofer for the Pulkowa Observa- 
tory in 1838 may be seen in the astron- 
omy section, and the work table of Otto 
Hahn in the section devoted to chem- 
istry. Unlike the corresponding museums 
in London and Paris, the Deutsches Mu- 
seum has many reproductions of appa- 
ratus, in part because it got off to a late 
start in collecting, but principally be- 
cause any attempt to use historic appa- 
ratus systematically in an exhibit of the 
history and principles of science must 
inevitably involve finding some way to 
solve the problem of the nonavailability 
of all of the important objects which 
should be shown. 

A feature of the exhibit of chemistry 
isa “family tree” of important chemists 
who were, directly or indirectly, associ- 
ated with the laboratory of Liebig at 
Giessen. A visit to this laboratory, which 
is still preserved at Giessen in a convinc- 
ing approximation of its original state, 





Heliostat with clockwork, invented by 
sGravesande and constructed by Jacob 
van der Cloese at Leiden. Height to mir- 
ror axis, 35 cm. [Courtesy of the Rijks- 
museum voor de Geschiedenis der Natuur- 
wetenschappen, Leiden] 
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Exhibit of globes in the Museo di Storia della Scienza, Florence. The ornate armillary in 
the center was made by Antonio Santucci in 1588-93. [Courtesy of the Museo di Storia 
della Scienza] 


must be a high point of any chemist’s 
tour of European museums. Nonchem- 
ists, too, should find it a worth-while 
experience, for, so far as I know, no- 
where else is such a thoroughgoing at- 
tempt made to preserve the environment 
of the scientific laboratory of a century 
ago. 

The Giessen Museum comprises the 
famous teaching laboratory and amphi- 
theatre, gross preparation rooms, library, 
and Liebeg’s study, all well set out with 
apparatus. So great was Liebig’s influ- 
ence on the laboratory teaching of chem- 
istry that his laboratory does not appear 
especially out of date when compared to 
many in our own colleges, at least of the 
period up to World War II. 


Kassel: Hessisches Landesmuseum 


The Astronomisch-Physikalische Kabi- 
nett in the Kassel Museum represents 
the longest continuous period of history 
of any large collection in Europe, hav- 
ing had its beginnings in the astronomi- 
cal interest of Landgraf Wilhelm IV just 
after the middle of the 16th century. 
His observatory was visited by Brahe in 
1575, and a portable quadrant which 
remains from that time may have been 
constructed after Brahe’s advice. An- 
other famous visitor, Joost Biirgi, was 
engaged as royal clockmaker in 1579 
and has left several examples of his 


work. Other relics remain of the sci- 
entific interests of subsequent land- 
graves—interests which were not uni- 
formly physicoastronomical—and from 
Johann Christian Breithaupt, 18th-cen- 
tury founder of the scientific instrument 
industry in Kassel. Most of the later ma- 
terials shown are demonstration appa- 
ratus from the late 19th century, from 
the Kasseler Hohern Gewerbeschule, the 
academic home, at various times, of 
Wohler, Bunsen, and Kohlrausch. As 
most purely scientific collections contain 
a few odds and ends of “pure” technol- 
ogy, this contains an iron cylinder de- 
scribed, although not without some reser- 
vation, as the remains of a steam engine 
deriving from another notable visitor to 
Kassel, Denis Papin. If authentic, it is 
the oldest existing relic of the steam 
engine. 

Kassel, one of the most ill-fated of 
German cities in the late war, has made 
a remarkable recovery, but the scope of 
the reconstruction task is stupendous, 
and only a portion of the above-men- 
tioned collection was visible in 1956 in 
the reconstructed Landesmuseum. A few 
unspecified large items are said to have 
been destroyed during the war, but the 
bulk of the collection, and all of the 
most important items, seem to have sur- 
vived, 

Certain instruments were built in the 
Kassel workshops in the time of Wilhelm 
IV for the Kunstkammer of his fellow 
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monarch Kurfiirst August I of Saxony 
(who died in 1586). These instruments 
and others, constituting one of the finest 
collections of this type, were exhibited 
before the war in the Zwinger Pavillion 
in Dresden. I am informed that all or 
some of them are again on displ2y in 
Dresden. This collection included ove 
sixty items from the 16th century and 
contained apparatus from _ Kirchcr, 


Schissler, and Leupold. 


Stockholm: Tekniska Museet 


Opened in 1938, after 14 years of 
planning and organization of financial 
support, the Tekniska Museet in Stock- 
holm is in many ways the most remark- 
able of the national museums of science 
and technology, being largely, if not 
completely, privately supported and 
serving as a general repository for the 
archives of Swedish industrics. 


Entrance to the hall in the Museo Nazionale della Scienza e della Tecnica, Milan, in 
which drawings and models illustrating the work of Leonardo da Vinci are exhibited. 
[Courtesy of the Museo Nazionale della Scienza e della Tecnica] 
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More nearly than in any other mu- 
scum except for the Technisches Mu- 
scum in Vienna, the exhibits here com- 
prehend the entire range of technology. 
Emphasis is on modern technology in 
most of the topical exhibit halls, histori- 
cal materials being chiefly shown in 
commemorative displays of various 
Swedish inventors, such as Polhem, De 
Laval, and Ericsson. Some of these halls 
are especially interesting from the point 
of view of exhibition technique, in the 
development of which this museum has 
been particularly active. 

The Kungliga Modell-Kammaren, a 
collection of about 250 models of ma- 
chines from the period circa 1700, is of 
special interest for the unique evidence 
it furnishes of the work of the engineer 
of that period. Most of the models derive 
from Christopher Polhem, Sweden’s out- 
standing early mechanical genius. 

The: exhibits in physical science are 
largely instructional rather than histori- 











cal in character (5). Outstanding among 
these is the “Atomarium,” a hall devoted 
to operating exhibits and lecture demon- 
strations of atomic science. 


Leiden: Rijksmuseum 


Leiden’s Rijksmuseum voor de Ge- 
schiedenis der Natuurwetenschappen, 
founded in 1931 and given the status of 
a national museum in 1947, is one of the 
best known to historians of science 
through the excellent publications of its 
staff. Like the museums in Florence, Ox- 
ford, and Cambridge, it is particularly 
concerned with the history of science, 
and despite its relatively recent founda- 
tion, the Rijksmuseum has succeeded re- 
markably well in acquiring a really sig- 
nificant collection of historical materials. 

The displays of the work of Huygens 


and of that of the Dutch microscopists ' 


are unusually well-conceived demonstra- 
tions of the possibilities of effective mu- 
seum display of the history of science. 
Included here are original clocks, a tele- 
scope and lenses of Huygens, and an 
original Leeuwenhoek microscope. Also 
of special interest are the ’sGravesande- 
Musschenbroek apparatus for the dem- 
onstration of Newtonian physics and 
Leyden jars and a pyrometer from 
Petrus van Musschenbroek. The series of 
early air pumps at Leiden is probably 
the best to be seen anywhere. Certain in- 
struments from important Dutch re- 
searches of modern times are also shown, 
such as the electromagnet used in the 
discovery of the Zeeman effect, Ein- 
thoven’s first string galvanometer, and 
the helium liquefaction apparatus of 
Kammerlingh Onnes. 


Haarlem: Teyler’s Stichting 


Teyler’s Stichting (Foundation) re- 
sembles to some extent the American 
Smithsonian Institution as it was in its 
earlier years. Founded by the merchant 
Pieter Teyler van der Hulst in 1778, the 
foundation had as its first director the 
scientist van Marum, from whose activi- 
ties in chemistry and electricity a num- 
ber of instruments remain, notably his 
renowned electric machine. Subsequent 
acquisitions run the gamut of science, 
technology, and the arts and include 
many interesting items; the collection is 
somewhat lacking in systematic display 
but retains uniquely the atmosphere of 
the era which saw the genesis of the 
idea of the scientific institution. 
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Visitors to Haarlem, however periph- 
eral their interest in technology, should 
not fail to visit the nearby museum of 
the Cruquis steam engine, near Heem- 
stede. The museum is devoted to the 
history of land drainage in Holland, a 
story which it tells very well. It is built 
around a most remarkable Cornish steam 
engine, in which a high-pressure cylinder 
is located within, and concentric to, a 
low-pressure cylinder, the whole oper- 
ating a series of eight rocking-beams 
which operate eight pumps arranged 
equidistantly around the circumference 
—truly a chef d’oeuvre of 19th century 
technology! 


Milan: Museo Nazionale della Scienza 
e della Tecnica 


The National Museum of Science and 
Technology of Italy is Western Europe’s 
newest museum in this field, having been 
established in 1949 in the Monastery of 
San Vittore, Milan (6). The monastery, 
which was left in a ruinous condition by 
bombardment in World War II, has 
been elegantly reconstructed; the general 
form and some of the details of a monas- 


tery have been preserved, but the se- 
verely simple style of interior decoration 
characteristic of postwar Italy has been 
adopted. In its organization the museum 
follows a unique concept, the exhibition 
of the work of Leonardo da Vinci in the 
multifarious fields cultivated by him be- 
ing taken as a point of departure for dis- 
play of the subsequent development of 
the various sciences and technologies. 
The difficulty of outfitting a technical 
museum at this late date is, understand- 
ably, reflected here. Not only is the es- 
tablishment of exhibits a time-consum- 
ing process but the collection of suitable 
specimens is a matter of great difficulty. 
In the field of physical science, however, 
the museum has been most fortunate in 
acquiring a large number of instruments 
from the scientific collections of the Uni- 
versity of Padua, many going back to 
the 18th century. Reproductions have 
also been made of a number of the in- 
struments in the museum at Florence. 
In the spring of 1956 these exhibits 
were in process of being installed, and 
were not on public exhibition. The most 
spectacular exhibit on public view con- 
sisted of finely made models constructed 
after the drawings of Leonardo. These 


Arda Alden Green, 
Protein Chemist 


Arda Alden Green had a remarkable 
record of achievement in biochemistry. 
This record was only recently recognized 
by the American Chemical Society, 
which, at its September 1957 meeting 
in New York City, announced that she 
would be the next recipient of the Gar- 
van Medal, the highest honor accorded 
for achievement in chemistry by an 
American woman, The citation for this 
award, which was presented posthu- 
mously at the April 1958 meeting of the 
society in San Francisco, reads as fol- 
lows: “. . . for her many contributions 
in the field of protein isolation and char- 
acterization, including her classical stud- 
ies on hemoglobin, the plasma proteins, 
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the muscle enzymes and the enzymes 
responsible for bioluminescence.” 

Arda Green was born in Prospect, 
Pennsylvania, on 7 May 1899. She ob- 
tained her A.B. degree in 1921 at the 
University of California in Berkeley, 
where she received highest honors in 
chemistry and honors in philosophy. 
After one year of graduate study in 
philosophy, she decided to study medi- 
cine. During her first two years of med- 
ical studies at Berkeley, she became ac- 
quainted with Herbert M. Evans, who 
recognized her potentialities and encour- 
aged her to interrupt her medical studies 
in order to spend a year in research at 
Harvard University Medical School, in 


models are beautifully shown in what 
must be one of the longest single halls 
in any museum. This museum will be 
spectacular indeed if that standard of 
exhibition is maintained. 


Notes 


1. Another of von Guericke’s air pumps is report- 
edly at Lund, Sweden (see 5). 

2. Other Leeuwenhoek instruments are in Munich, 
Jena, Utrecht, Antwerp, and Paris. See P. van 
der Star, Descriptive Catalogue of the Simple 
Microscopes (Leiden, Netherlands, 1953), p. 24. 

3. This tour was made in the spring of 1956 and 
covered all of the larger and most of the smaller 
museums of science and technology in Western 
Europe, with the exception of those devoted to 
particular sciences or technologies, such as med- 
icine and pharmacy, horology, communications, 
transportation, and marine. Emphasis in this 
article is placed upon the scientific materials 
in the museums visited. 

4. Fiinfzig Jahre Deutsches Museum (Deutsches 
Museum, Munich, 1953), p. 16. 

5. The principal collection of early scientific in- 
struments in Sweden is that of Triewald, now 
at the University of Lund. Martin Triewald 
spent the years 1716-26 in England, returning 
to Sweden in the latter year to introduce the 
steam engine to that country. While in Eng- 
land he made the acquaintance of Newton, 
Desaguliers, and others, and assembled the col- 
lection of “philosophical apparatus” which is 
now at Lund. An original von Guericke air 
pump is also in the collection. See J. G. Tand- 
berg, “Die triewaldsche sammlung .. .,”’ Lunds 
Univ. Arsskr. 9 (1920). 

6. A predecessor existed in Turin as early as 1862 
but had been relatively inactive in the 20th 
century and suffered the loss of most of its re- 
maining collections in World War II. 


the laboratory of Edwin J. Cohn. Evans 
was instrumental in obtaining for her 
the Leconte memorial fellowship of the 
University of California, which she held 
during the year 1924-25. 

She spent the following two years at 
Johns Hopkins University, where she 
completed her medical studies and ob- 
tained the M.D. degree in 1927. While 
a medical student there, she became ac- 
quainted with Leonor Michaelis, then a 
biochemist in the department of medi- 
cine, and did some research in collabo- 
ration with him and A. A. Weech on the 
conductivity of electrolytes within mem- 
branes, a study which became the sub- 
ject of her first publication. 

She then returned to Cohn’s labora- 
tory at Harvard as a National Research 
Council fellow in medicine for the pe- 
riod 1927-29. During this period she 
completed her classical studies on the 
equilibrium between oxygen and hemo- 
globin and its relation to changing hy- 
drogen ion activity. These studies, car- 
ried out in collaboration with Ronald 
M. Ferry, had been initiated in 1924 
during the tenure of her Leconte me- 
morial fellowship. They served as the 
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basis for some of Pauling’s views on the 
structure of hemoglobin. 

During the next 12 years, 1929 to 
1941, she remained at the Harvard Med- 
ical School, for the first five years as a 
research fellow in the laboratories of 
Cohn and L. J. Henderson, and for the 
next seven years as a research associate in 
pediatrics with C. F. McKhann. During 
all of this period she maintained a close 
association with the members of the 
Cohn laboratory and played an impor- 
tant role in the development: by that 
group of its elegant methods for the iso- 
lation of the blood proteins. Of particu- 
lar importance were her remarkably 
thorough studies of the solubility of 
hemoglobin under varying conditions of 
ionic strength and hydrogen ion activity. 
These studies, published in 1931 and 
1932, remain today the best model for 
investigations of this kind and provided 
the basis at that time for the develop- 
ment of rational methods for fraction- 
ation of the plasma proteins by the 
Cohn group. 

In the period 1933 to 1937 she pub- 
lished other fundamental studies on 
hemoglobin, dealing with its combina- 
tion with carbon dioxide, its combina- 
tion with carbon monoxide, and its am- 
photeric properties. During her period 
of collaboration with McKhann, she in- 
vestigated the immunological applica- 
tion of human placental extracts for the 
prevention of measles and worked out 
fractionation procedures for the globu- 
lins of normal and immune sera. Her 
final publication in this period concerned 
the equilibrium between calcium and 
purified globulins and was carried out 
in collaboration with Nancy Drinker and 
A. Baird Hastings. 

During this highly productive 12-year 
period of research activity she served, in 
addition, as tutor in biochemical sciences 
at Radcliffe College. In this type of 
teaching she was extremely effective, by 
virtue of her great sensitivity to the in- 
dividual problems of her students as well 
as the beautiful clarity and incisiveness 
of her reasoning. During this period she 
exerted great influence in directing some 
of the women who were her students into 
productive careers in medical research. 

The next important phase of her ca- 
reer was in the laboratory of Carl and 
Gerty Cori at Washington University 
(St. Louis) during the period 1941 to 
1945, when she served as research asso- 
ciate in pharmacology. During the pe- 
riod 1942 to 1945 she also served on the 
faculty as assistant professor of biolog- 
ical chemistry. Here she was instrumen- 
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tal in introducing sound methods for the 
purification and characterization of the 
muscle proteins. Early in this period she 
developed the method for the isolation 
of the crystalline enzyme phosphorylase, 
thereby facilitating the elegant studies 
of Cori and Cori on the mechanism of 
polysaccharide synthesis, for which they 
received the Nobel Prize in 1946. It 
is noteworthy that she developed this 
method in the short space of ten weeks, 
after three other investigators in the 
same laboratory had devoted three fruit- 
less years to the same problem. During 
this period she also collaborated with 
G. T. Cori and John F. Taylor in the 
crystallization of rabbit muscle aldolase. 
Her presence in the Cori laboratory at 
this particular. time had a tremendous 
influence on the development of enzy- 
mology in this country, since many of 
the investigators who studied in that 
laboratory then or subsequently (Ochoa, 
Kalckar, Leloir, Kornberg, Najjar, and 
others) learned directly or indirectly 
from her the importance of enzyme 
purification in the elucidation of enzyme 
mechanisms. 

She then joined the laboratory of 
Irvine Page at the Cleveland Clinic, 
where she served as a staff member in 
the research division from 1945 to 1953. 
Here her attention was drawn to the 
presence in serum of a vasoconstrictor 
substance, which she isolated and char- 
acterized in collaboration with Page and 
M. M. Rapport, in 1948. This substance, 
which they named serotonin and which 
was later identified by Rapport as 5-hy- 
droxytryptamine, is, of course, recog- 
nized today to be of great importance 
as a regulator of the activity of the cen- 
tral nervous system. This accomplish- 
ment, which sparked what Woolley has 
termed “the revolution in pharmacol- 
ogy,” illustrates that Arda Green’s labo- 
ratory talents were not limited to the 
isolation of proteins. 

While in the same laboratory she was 
concerned for several years with the 
purification of proteins believed to, be 
involved in renal hypertension. She suc- 
ceeded, in collaboration with F. M. 
Bumpus, in the extensive purification of 
renin substrate (hypertensinogin) from 
serum and of angiotonin (hypertensin), 
the pressor polypeptide which is released 
from hypertensinogin by the action of 
the kidney enzyme She also 
worked hard but unsuccessfully on the 
isolation of the latter enzyme. In the 
course of this work, several unidentified 
crystalline proteins were obtained from 
hog kidney. The methods for obtaining 


renin. 





these crystalline proteins have, unfortu- 
nately, remained unpublished. 

In 1953 she joined W. D. McElroy 
at the McCollum-Pratt Institute of 
Johns Hopkins University, where she 
began her work on the purification of 
enzymes involved in bioluminescence, 
Her outstanding achievement in_ this 
area, announced in April 1956, was the 
successful crystallization of the enzyme 
luciferase from firefly lanterns. This 
work led to the elucidation of the role 
of adenosinetriphosphate, luciferin, and 
coenzyme A in light emission. The dis- 
covery of an adenyl-luciferin intermedi- 
ate in the reaction established the basic 
similarity between the firefly enzyme re- 
action and the universally occurring 
enzyme reactions for the activation of 
acetate and amino acids. 

Her last laboratory project was the 
purification of the enzyme responsible 


for bacterial luminescence. She had suc- ° 


ceeded in purifying the enzyme exten- 
sively and had described its properties 
in 1955. However, she continued with 
her usual tenacity toward her goal of 
isolation of the protein in crystalline 
form, and no one can doubt that she 
would have had her usual success if 
time had not run out. 

In addition to her research duties 
in the McCollum-Pratt Institute, she 
played an important role in the training 
of graduate students. This was due not 
only to her authoritative lectures on the 
proteins but, even more, to the warm 
personal relationship which she estab- 
lished with the students, who recognized 
her as a friend to whom they could bring 
both scientific and personal problems. 

During this last phase of her career 
she served also as a consultant in bio- 
chemistry to the department of pedi- 
atrics of the Sinai Hospital. Here she 
exerted an important influence in guid- 
ing clinical research along sound bio- 
chemical lines. 

Arda Green did not always receive the 
recognition which she deserved, partly 
because she always worked in the shadow 
of men of great scientific reputation. The 
uniformly high quality of her research 
over the years makes it clear that she 
had a unique talent which was respon- 
sible for her success in the isolation of 
pure proteins. Her success in this field 
was in part due to her conviction that 
the purification of proteins was a suff- 
ciently important goal in itself to deserve 
a life-time of concerted effort. More im- 
portant was her ability to consider prob- 
lems of protein purification in a logical 
manner—an ability based on her broad 
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knowledge of their physicochemical 
properties. Many have attributed her 
success in crystallizing proteins to her 
“magic touch.” Some even suggested to 
her that her secret lay in some mysteri- 
ous seeding effect of the ash falling from 
the cigarette which never left her mouth 
when she was working. She enjoyed 
these jibes, but she felt very strongly 
that protein purification should be di- 
vorced from the mystery which is usually 
associated with it. She felt that it should 
be based, rather, on the application of 


“horse sense,” an attribute which she 
admired in others and with which she 
herself was endowed to a remarkable 
degree. 

Arda Green lived a full life outside of 
the laboratory. With the same vigor, en- 
thusiasm, and thoroughness with which 
she attacked her laboratory problems, 
she devoted herself at home to cooking, 
dressmaking, music, and entertaining. It 
was she who always saw to it that no 
unattached members of the laboratory 
staff ever went unfed on Thanksgiving 


News of Science 


Final Form of Congressional Action on 
Federal Aid to Education 


Pursuing a course of action formally 
initiated by the President last January, 
the House of Representatives and the 
Senate have passed legislation which 
gives federal aid to the educational ef- 
fort of the country. The two houses, 
working in a preadjournment flurry of 
activity, accepted separately two differ- 
ing measures. These were reconciled in 
a conference meeting of the relevant 
House and Senate committees, and the 
final form of the legislation has now 
been elaborated. 


Earlier House Action 


On 8 August the House of Represen- 
tatives, after lengthy and occasionally 
raucous debate, passed HR 13247, the 
National Defense Education Act, but not 
before the scholarship provision, one of 
the major elements of the bill, was elimi- 
nated. No funds, however, were sub- 
tracted from the bill. Rather, on a mo- 
tion offered by Representative Walter 
H, Judd, (R-Minn.), those funds origi- 
nally alloted for the scholarship provi- 
sion were shifted to increase substantially 
the student loan fund provided for under 
title 3 of the bill. The effect, in short, 
was this: while federal expenditure for 
aid to education was to be at the same 
level as was called for by the original 
provisions, the money was to go out to 
students in the form of a loan, to be 
repaid after graduation, rather than in 
the form of a grant of money. This form, 
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loan with repayment after graduation, 
is one currently in use by many colleges 
and universities. 

Title 3 of the original bill—loans to 
students in institutes of higher education 
—read in part as follows: “For the pur- 
pose of enabling the Commissioner [of 
Education] to stimulate and assist in the 
establishment at institutes of higher edu- 
cation of funds for the making of low 
interest loans to students in need thereof 
to pursue their courses of study in such 
institutions, there are hereby authorized 
to be appropriated $40 million for the 
fiscal year ending 30 June 1959, $60 mil- 
lion for each of the three succeeding 
fiscal years, . . .” As passed by the 
House, title 3 called for an additional 
$20 million to augment each of the origi- 
nal appropriations, for a total basic loan 
fund of $300 million. 


Earlier Senate Action 


The Senate, ending debate on its form 
of the education bill at 12:05 a.m. on 
the morning of 14 August, passed a bill 
which retained, on a diminished scale, the 
scholarship program. By its approval of 
an amendment offered by Senator 
Cooper of Kentucky, the Senate reduced 
the cost of the program from $17.5 mil- 
lion to $5 million, by reducing the grants 
to individual students from $1000 a year 
to $250 a year. The 4-year program 
would have benefited about 23,000 stu- 
dents a year. 





Day. Her genuine concern for others 
and her deep devotion to her family al- 
ways showed itself not just in words but 
in practical, helpful gestures. Even dur- 
ing the crippling illness which marred 
the last year of her life she continued 
to devote herself to doing things for her 
family and friends, almost to the day of 
her death, on 22 January 1958. 

Swney P. CoLtowick 
McCollum-Pratt Institute, 
Johns Hopkins University, 
Baltimore, Maryland 


Reconciliation 

On 21 August a compromise between 
the House and Senate measures was 
worked out in conference. This com- 
promise constitutes the final form of fed- 
eral aid to education legislation. It calls 
for a 4-year, $887,400,000 program with 
no scholarship provision. Aid to individ- 
ual students would come from a loan 
fund of $295 million over a 4-year 
period. The fund is to be administered 
by the institution of higher learning at 
which the student studies, rather than by 
a state board as the Senate bill had 
stipulated. 

In addition to the loan fund, the com- 
promise bill calls for $300 million, to be 
matched by the states, for the purpose of 
helping schools, public and private, to 
purchase equipment for the teaching of 
scientific subjects. 

The bill also authorizes funds for the 
following: institutes for teachers to learn 
educational counseling; centers for train- 
ing foreign-language teachers; fellow- 
ships, including allowances for depen- 
dents of recipients; guidance, counseling, 
and testing for precollege students by the 
states; centers for teaching little-known 
modern languages; research and experi- 
mentation on better educational use of 
television, radio, and audiovisual aids; 
vocational education in skilled trades 
necessary for defense; and improvement 
of state educational statistics. 

Both Senator Hill and Representative 
Elliot, the sponsors of the biils in the two 
houses, expressed some degree of satis- 
faction with the result of the com- 
promise. But Senator Hill and Senator 
Smith of New Jersey deplored the loss 
of the scholarship provision and the 
corollary defeat of the attempt to give 
national recognition to __ intellectual 
achievement by means of it. 


Merit or Need 


Earlier forms of this legislation had 
reflected a variety of attitudes toward 
the question of the proper basis for 
awarding aid to the individual student. 
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Should need or merit be the deciding 
criterion? Bills that reflected the Ad- 
ministration view of the matter declared 
that financial necessity should determine 
the selection of recipients of aid, whereas 
the bills introduced by Senator Hill and 
Representative Elliot stressed the hon- 
orary element of the award by which the 
government recognized those students 
whose work showed high achievement at 
the high-school level. 

The tenor of the earlier Hill-Elliot 
bill and its attitude toward the merit 
basis for award can be seen in the para- 
graph stating the purpose of the bill: “to 
strengthen the national defense, advance 
the cause of peace and assure the intel- 
lectual preeminence of the United States 
especially in science and technology. . . .” 
In addition to granting scholarships 
on a merit basis, the earlier Hill- 
Elliot bill called for Congressional cita- 
tions to the top 5 percent of high-school 
graduates. None of these provisions with 
the general aim of increasing the prestige 
of intellectual activity succeeded in get- 
ting through the welter of Congressional 
debate. The need-or-merit problem was 
resolved in favor of need in two steps. 
First, it was proposed that the successful 
scholarship applicant would receive $500 
a year regardless of need and would be 
eligible for an additional amount up to 
$500 a year on the basis of demonstrated 
need. This was the provision of Repre- 
sentative Elliot’s bill, HR 13247. In the 
second step, merit as the basis for award 
was eliminated when the provision for 
scholarships was given up, and federal 
aid, through the states, to individuals 
was to be made available on the grounds 
of need through the loan fund. Associ- 
ated with this provision was the under- 
standing that applicants would be fully 
qualified on a minimal merit basis. The 
dominance of the need school of thought 
over the merit or honor school can be 
seen in another way in the absence in 
the final form of the bill of language 
dealing with “intellectual preeminence,” 
“outstanding scholastic achievement,” 
and honorary citations. 


Trend of Action 


Viewed generally, and over the period 
of time since last January, the trend of 
legislative action has been away from an 
active federal policy, by which the Gov- 
ernment, through the states, seeks out, 
commends, and awards young people 
who have demonstrated superior intel- 
lectual ability, and toward a more passive 
policy by which the Government simply 
makes available the machinery and the 
funds for those students who are quali- 
fied and who do need financial aid. 
Rather than the Government going to 
the student, the student, under the com- 
promise bill, may go to the Government. 
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East-West Nuclear Suspension 


An East-West scientific conference on 
the suspension of nuclear tests that has 
been taking place in Geneva for 7 weeks 
closed on 21 August with the announce- 
ment that a “technically feasib‘e” sys- 
tem for policing a world-wide nuclear 
test ban had been worked out. The par- 
ticipants in the discussions were scientists 
from the United States, Canada, Great 
Britain, France, the U.S.S.R., Poland, 
Czechoslovakia, and Romania. The 
group completed a 40-page confidential 
report, giving details of the recom- 
mended control system, that has been 
forwarded to the respective governments 
and will be made public later. Mean- 
while, the conference members released 
a communique that said in part: 

“In the course of the work of the con- 
ference, there was an exchange of opin- 
ions on the question of the various meth- 
ods of detecting nuclear explosions. 

“The conference came to the conclu- 
sion that the methods of detecting nu- 
clear explosions available at the present 
time, viz. the method of collecting sam- 
ples of radioactive debris, the method 
of recording seismic, acoustic and hydro- 
acoustic waves, and the radio signal 
method, together with the use of on-site 
inspection of unidentified events which 
might be suspected of being nuclear 
explosions, make it possible, within cer- 
tain specific limits, to detect and iden- 
tify nuclear explosions, and it recom- 
mends the use of these methods in a 
control system. 

“The conference noted that the com- 
bined use of the various methods con- 
siderably facilitates detection and iden- 
tification of nuclear explosions. 

“The conference of experts noted that 
the effectiveness of the methods consid- 
ered will increase in course of time with 
improvement of measuring techniques 
and with study of the characteristics of 
natural phenomena which cause inter- 
ference when explosions are detected. 

“The conference has adopted an 
agreed conclusion regarding the techni- 
cal equipment of the control system ne- 
cessary for the detection and identifica- 
tion of nuclear explosions. 

“The conference of experts reached 
the conclusion that it is technically 
feasible to set up, with certain capabili- 
ties and limitations, a workable and ef- 
fective control system for the detection 
of violations of a possible agreement on 
the world-wide cessation of nuclear 
weapons tests. 

“Tt was established in this connection 
that a network of control posts which 
were equipped with all the necessary 
apparatus appropriate to the various 
methods of detection of nuclear explo- 
sions should be disposed on continents 





and on islands, as well as on a few ships 
in oceans. 

“The experts came to the conclusions 
that the control system should be under 
the direction of an international control 
organ which would ensure the coordina- 
tion of the activities of the control sys- 
tem and the functioning of the system 
in such a way that it would satisfy the 
necessary technical requirements. 

“On the 21st of August, 1958, the 
conference of experts adopted a final re- 
port for consideration by Governments. 
The report will be made public at a 
time to be determined by Governments.” 

‘The leader of the Western participants 
was United States delegate James B. 
Fisk, a member of President Eisenhow- 
er’s Scientific Advisory Committee. In 
a closing statement he said: 

“We on the Western side are gratified 
that the task set for this conference . .. 
has been successfully accomplished. . . . 

“As scientists we have sought here to 
establish the facts pertinent to our sub- 
ject, and to draw from them sound and 
logical conclusions regarding a system 
of control. ... 

“T speak for all of those on the West- 
ern side when I express our satisfaction 
at the friendly and cooperative working 
relationships which we have enjoyed 
with our colleagues on the other side of 
the table," :..27° 

Evgeny Fyodorov, a leader ‘in the 
U.S.S.R. satellite program, was spokes- 
man for the Communist countries. His 
final remarks included the following: 

“What is the basic conclusion which 
can be drawn following the completion 
of our lengthy task? The conclusion is 
very simple and very clear. 

“A nuclear explosion, including an 
explosion of small magnitude, can be de- 
tected, and the establishment of an 
effective control system which would 
make it possible to have an inspection 
and a checking of the maintenance of an 
agreement on the universal cessation of 
nuclear weapons tests is a quite feasible 
undertaking and one which would not 
be particularly complicated. 

“In certain instances the task of de- 
tecting and identifying nuclear explo- 
sions of small yields is relatively simple; 
in Others, specific difficulties are in- 
volved. 

“However, no matter where a_ pos- 
sible violator attempted to conceal his 
atomic explosion—under the water, on the 
earth or in the cosmic space—100,000 
kilometers [62,500 miles] from the earth 
—he will nowhere be guaranteed from 
exposure. 

“The means by which these problems 
are to be resolved is indicated in our pro- 
posals which we have adopted. As tech- 
nical experts, we have not discussed fac- 
tors of a moral or social character.” 
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A New Oreopithecus Skeleton 


On the morning of 2 August 1958 a 
presumably complete skeleton of what 
is apparently an Oreopithecus bambolii, 
was discovered by a coal-miner at Bac- 
cinello, Italy, some 200 meters below the 
surface. All previous Oreopithecus speci- 
mens have been fragmentary. This dis- 
covery therefore is particularly note- 
worthy, since it may provide the evidence 
needed to settle definitely the contro- 
versy about the taxonomic position of 
Oreopithecus, a matter of prime im- 
portance [see Science 126, 345 (23 Au- 
gust 1957) ]. 

The block of lignite containing the 
skeleton will eventually be studied at the 
Natural History Museum, Basel, Switz- 
erland, by Johannes Hiirzeler, who, sup- 
ported by the Wenner-—Gren Foundation 
for Anthropological Research of New 
York City and some Swiss friends, has 
collected many specimens of Oreopithe- 
cus at Baccinello. Hiirzeler was in Bac- 
cinello at the time of this latest discovery 
and personally supervised the difficult 
removal of the fossil from the mine. In- 
cidentally, I write this from Basel, where 
I am_ studying Oreopithecus fossils 
through the generosity of the Wenner— 
Gren Foundation for Anthropological 
Research. It so happens that I visited 
the mine at Baccinello in company with 
Dr. Hiirzeler the day before this new 
skeleton was found. 

WiuiAM L, Straus, Jr. 
Naturhistorisches Museum, 
Basel, Switzerland 


Russian Journals 


Available in English 


The National Science Foundation has 
just released a compilation of transla- 
tions that indicates that approximately 
60,000 pages a year of key Soviet scien- 
tific and technical journals are now 
available in English to United States 
scientists and engineers. The compila- 
tion shows that there are now in print 53 
English editions of Russian journals, 
four extensive series of translated Rus- 
sian abstracts, and four series of partial 
translations of important Russian jour- 
nals. Support for the translations is pro- 
vided by the National Science Founda- 
tion, the National Institutes of Health, 
the Office of Naval Research, and the 
Atomic Energy Commission (the latter 
two working through the National Sci- 
ence Foundation), and by six commer- 
cial translating and publishing firms 
working without government funds. 

The National Science Foundation has 
maintained a foreign science informa- 
tion program since early 1952; its first 
Russian-to-English “translation program 
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was initiated in June of that year. The 
number of translated journals supported 
by the foundation has now reached 31, 
with most of the major fields of science 
being served. 

Foundation-supported translation proj- 
ects, continually increasing in number, 
are conducted by United States profes- 
sional scientific societies and university 
groups which have chosen the Russian 
material to be translated and which have 
requested the financial support of the 
foundation. These organizations admin- 
ister their own projects and provide ex- 
pert consultation to translators to help 
insure accuracy. The translations are 
sold on a subscription basis, with the 
resulting income used to defray part of 
the costs of the projects, thus reducing 
the need for government support. The 
new NSF compilation gives a complete 
list of translated journals; information 
on the source of financial support, if 
any; the names and addresses of pub- 
lishers; and annual subscription prices. 


Education Research 


The Office of Education, Department 
of Health, Education and Welfare, has 
released a report of the 78 projects 
started during the first year of its Co- 
operative Research Program, begun: in 
July 1956, under a Congressional ap- 
propriation of $1,020,190. Most of the 
projects the first year were for research 
on education of the mentally retarded, 
since two thirds of the original appro- 
priation was designated for that purpose. 
The remaining projects concerned iden- 
tifying and developing unusual talent, 
educational aspects of juvenile delin- 
quency, staffing schools and colleges, and 
other educational problems. 

Research proposals submitted by col- 
leges, universities, and state departments 
of education are reviewed by the Office 
of Education Research Advisory Com- 
mittee. Seventy-two of the 78 first-year 
projects were undertaken by 30 colleges 
and universities, and the other six by 
state departments of education. 

The Office of Education report was 
prepared by Romaine P. Mackie, Har- 
old M. Williams, and Alice Y. Scates. 
Copies may be obtained from the Super- 
intendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, 
D.C., at 25 cents. 


Biophysical Science 


A 4-week Study Program in Biophys- 
ical Science, the first of its kind, was 
held recently at the University of Colo- 
rado in Boulder under the sponsorship 
of the Biophysics and Biophysical Chem- 


istry Study Section of the National In- 
stitutes of Health. Richard H. Bolt of 
Massachusetts Institute of Technology 
served as the program’s executive di- 
rector. It is expected that advances in 
the field will be accelerated through the 
exchange and critical evaluation of ideas 
and recent information. 

More than 100 scientists from about 
50 research organizations attended the 
study program. About 70 of these re- 
searchers presented lectures or presided 
as workshop chairmen. The lectures will 
be published in book form early in 1959. 


Portable Nuclear Power Plant 


The Argonne Low Power Reactor 
(ALPR), the prototype of a nuclear re- 
actor designed to produce electric power 
and space heat at remote military sta- 
tions, achieved criticality on 11 August 
at the Atomic Energy Commission’s Na- 
tional Reactor Testing Station, Idaho 
Falls, Idaho. The ALPR-type plant is a 
“package” plant designed to be erected 
on any type of terrain and with a mini- 
mum of on-site construction. It contains 
a direct-cycle, natural-circulation boil- 
ing-water reactor fueled with enriched 
uranium and moderated with light 
water. The heat from the reactor can 
be used to generate 260 kilowatts of 
electricity and 400 kilowatts of space 
heat. The reactor is designed to operate 
for 3 years with each fuel loading. 


Foreign Geologists to 
Receive Photogeologic Training 


Training in the latest techniques of 
photogeology is being given by the U.S. 
Geological Survey in Washington to 
young geologists from abroad. The first 
group of four geologists from Chile, 
Ghana, and the Philippines has arrived. 
Although the 7-month training program 
is being given by staff members of the 
Geological Survey, it is sponsored by the 
State Department. Three additional 
groups of six participants each will be- 
gin training periods on 1. October 1958, 
1 January 1959, and 1 April 1959. 

Primary emphasis will be placed on 
geologic interpretation of air photo- 
graphs. The techniques taught will be 
applied to the preparation of geologic 
maps of specific areas and regions. Par- 
ticipants are encouraged to bring a geo- 
logical mapping program from their own 
country so that they may work on an 
area of high personal or national interest. 
In addition to instruction in photogeol- 
ogy during the course, participants will 
receive orientation in many other phases 
of geologic investigations as normally 
carried out by the Geological Survey. 
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Grants, Fellowships and Awards 


Cerebral Palsy. The United Cerebral 
Palsy Research and Educational Foun- 
dation has expanded its program to in- 
clude additional support of research and 
professional training. At the same time 
the foundation’s concept of research in 
the field of cerebral palsy has been 
broadened to include support of basic 
and clinical studies encompassing the 
entire spectrum of brain damage and 
the consequences thereof. 

The following new training programs 
are to be supported by the foundation: 
a postdoctoral fellowship program in 
brain research to support investigators- 
in-training in the broad field of research 
in the complex problem of neuromus- 
cular disabilities; a clinical fellowship 
program to interest young physicians, in 
their residency years, in the problems of 
diagnosis, clinical management, and 
periodic follow-up of patients with neu- 
romuscular disabilities; and a medical- 
student fellowship program to interest 
medical students in diagnosis, therapy, 
rehabilitation, and follow-up of patients 
with cerebral palsy and/or in partici- 
pating in some phase of basic or applied 
research relating to the problems of 
brain damage. 

The deadline for filing applications 
for grants and fellowships commencing 
1 January 1959 is 15 September 1958; 
for funds to become available 1 July 
1959, the deadline for filing application 
is 15 March 1959. For information write 
to: Director of Research, United Cere- 
bral Palsy Research and Educational 
Foundation, 321 W. 44 St., New York 
36, NY. 

Gerontology. The Ciba Foundation, 
wishing to encourage research relevant 
to basic problems of aging, invites 
papers descriptive of work in the field 
for the fifth and final annual awards for 
1959. Applications, which must be sub- 
mitted by /0 January 1959, may be ob- 
tained from G. E. W. Wolstenholme, 
Director, Ciba Foundation, 41 Portland 
Pl., London, W.1, England. 

Not less than five awards, of an aver- 
age value of £300 each, are available 
for 1959. Entries will be judged by an 
international panel of scientists that in- 
cludes: C. H. Best, E. Braun-Menendez, 
E J. Conway, G. W. Corner, A. Had- 
dow, V. R. Khanolkar, R. Nicolaysen, 
A. S. Parkes, F. Verz4r, and F. G. 
Young. 

Preference will be given to younger 
workers. The papers may be in the can- 
didate’s own language and should not be 
more than 7000 words in length. 

Miniaturization. Nominations for the 
Miniaturization Award competition for 
1958 are now being accepted. The award 
was established in 1957 by Miniature 
Precision Bearings, Inc., to recognize 


524 


outstanding contributions by an_indi- 
vidual or firm to the concept of minia- 
turization. It is administered by an inde- 
pendent committee of miniaturization 
experts representing industry, govern- 
ment, and education. 

Participants in the competition may 
be individuals, companies or organiza- 
tions which have broadened the horizons 
of miniaturization by creating a better 
understanding and use of the concept 
through education, research, engineer- 
ing, or standardization. Entries should 
be submitted to the Awards Committee, 
Box 604, Precision Park, Keene, N.H. 


News Briefs 


An Indo-German agreement on the 
establishment at Madras of an Indian 
Institute of Technology for the training 
of Indian technicians was signed on 7 
August in Bonn. According to the agree- 
ment, the Federal Republic of Germany 
will provide teachers, equipment for 
laboratories and work shops, and a li- 
brary for the institute, while the Indian 
Government will provide the ground, the 
buildings and part of the personnel. 
Eventually, the institute will give India 
250 trained technicians every 6 months. 

* * * 

The Metropolitan Life Insurance 
Company reports that a study of its in- 
dustrial policyholders shows that in the 
last 15 years the death rate from cancer 
has decreased 15 percent for females and 
increased 8 percent for males. The report 
is based on a comparison of the cancer 
death rates among white industrial pol- 
icyholders in 1936-1940 and 1951-1955. 

* * * 

The Southeastern Forest Experiment 
Station, Asheville, N.C., has announced 
that a forest-fire research laboratory, first 
of its kind in the country, is being built 
near Macon, Ga., and is scheduled to be- 
gin operating early in 1959. The labora- 
tory is a joint undertaking of the U.S, 
Forest Service and the state of Georgia. 

ae 2 * 

The U.S. Census Bureau has reported 
that American women of child-bearing 
age, 15-44, gave birth to an average of 
22 percent more children in 1957 than 
in 1950, The increase was greatest in the 
city areas, among nonwhites, and in low- 
and middle-income groups. Over-all 
birth rates remained higher in farm areas 
thar. in cities. About 75 percent of the 
wives 35 to 39 years old in 1957 had al- 
ready borne two or more children; 46 
percent had borne three or more and 
about 14 percent had borne five or more. 

* * 

The Ramo-—Wooldridge Corporation 
and General James H. Doolittle have 
jointly announced that, effective 1 Janu- 
ary, Doolittle will become chairman of 





the board of directors of the Space Tech- 
nology Laboratories. Previously a division 
of Ramo-Wooldridge, the laboratories 
will become a separate corporation with 
an independent board of directors. Space 
Technology Laboratories has over-all sci- 
entific responsibility for the Air Force’s 
Thor, Atlas, Titan, and Minuteman mis- 
sile programs, and also is engaged in a 
broad experimental program on ad- 
vanced space technology. 
ee te, 

The U.S. Civil Service Commission is 
seeking bacteriologists, serologists, bio- 
chemists, biologists, and physicists (in 
the field of radioisotopes) for duty with 
the Veterans Administration in hospitals 
and regional offices throughout the 
United States and its territories and pos- 
sessions. No written test is required. Ap- 
plications must be filed with the Execu- 
tive Secretary, Central Board of U.S, 
Civil Service Examiners, Veterans Ad- 
ministration, Washington 25, D.C. 

= & ®@ 


As the result of deep-water soundings 
recently completed in Lake Superior by 
the U.S. Army Corps of Engineers, fu- 
ture charts will show a new maximum 
depth of 1333 feet. This sounding is lo- 
cated in United States waters off the 
Marquette—Munising region of Michi- 
gan. The greatest known previous depth 
was in Canadian waters near Caribou 
Island. 


Scientists in the News 


BERTHA S. ADKINS of Salisbury, 
Md., for 8 years assistant chairman of 
the Republican National Committee, 
has been sworn in as Under Secretary 
of the Department of Health, Educa- 
tion, and Welfare. 


S. M. DIETZ of Oregon State Col- 
lege has retired as chairman of the de- 
partment of botany, head of botany and 
plant pathology in the Experiment Sta- 
tion, and administrator of the herbarium. 
He will continue teaching and research 
as research professor in plant pathology. 
Dietz is succeeded by ROY A. YOUNG, 
who for the past 10 years has taught 
graduate courses in plant pathology and 
conducted research on diseases of orna- 
mental plants. 


MARGARET E. PATTERSON re- 
signed on 15 July from Science Service 
of Washington, D.C., where she had 
been executive secretary of Science Clubs 
of America for 17 years. Miss Patterson 
left science teaching to start science 
clubs on a nationwide basis. Now SCA 
has more than 20,500 members in this 
country and abroad. 

In 1942 she helped to design and 
establish the Science Talent Search for 
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the Westinghouse Science Scholarships 
and Awards and has been responsible 
for the conduct of this competition since 
that time. In 1950 she aided in the cre- 
ation of the National Science Fair and 
has been active in its development. 


The July number of the Journal of 
Investigative Dermatology is an issue 
honoring STEPHEN ROTHMAN, pro- 
fessor of dermatology at the University 
of Chicago and author of Physiology 
and Biochemistry of the Skin. The issue 
consists of contributions by men who 
have been students or associates of Roth- 
man. It also contains a detailed biogra- 
phy and bibliography of Rothman, who 
has pioneered in modern investigative 
dermatology. 


ELI LILLY, chairman of the board 
of directors of Eli Lilly and Company, 
Indianapolis, Ind., has been named re- 
cipient of the Remington Honor Medal 
of the New York Branch of the Amer- 
ican Pharmaceutical Association. This 
medal will be presented at the Reming- 
ton dinner which will be held on 10 
December at the Hotel Roosevelt in 
New York. 


I. S. RAVDIN, John Rhea Barton 
professor of surgery at the University of 
Pennsylvania and chairman of the de- 
partment of surgery, has been appointed 
the university’s vice president for medi- 
cal development. Ravdin’s appointment 
follows the recently announced resigna- 
tion of NORMAN H. TOPPING, who 
was elected president of the University 
of Southern California after having 
served as vice president for medical 
affairs at Pennsylvania since 1952. 

JOHN M. MITCHELL, dean of the 
Pennsylvania School of Medicine, has 
been given the additional title of vice 
provost of the university. He will be 
responsible for the development work 
previously carried on by Topping. 


MICHAEL E. DeBAKEY, professor 
of surgery at Baylor University School 
of Medicine, has received the Alvarenga 
Prize of the College of Physicians of 
Philadelphia for his outstanding work in 
the surgical treatment of diseases of 
blood vessels. The Alvarenga Prize, an 
annual award, was established by the 
will of Pedro Francisco DaCosta Alva- 
tenga of Lisbon, Portugal, an associate 
fellow of the College of Physicians of 
Philadelphia who died on 14 July 1883. 


ROGER B. FRIEND, formerly chief 
entomologist and vice-director of the 
Connecticut Agricultural Experiment 
Station, New Haven, has retired after 
34 years on the station’s staff. Following 
3 years as a graduate assistant, he was 
made assistant entomologist in 1927 on 
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completion of requirements for the 
Ph.D. at Yale University. Pests imported 
from abroad were his first interest, espe- 
cially insects attacking forest and shade 
trees, and he made comprehensive stud- 
ies of their biology and control. He has 
conducted research on the imported 
birch leaf miner, the European pine 
shoot moth, and the gypsy moth. Friend 
was appointed chief entomologist in 
1939; a year later he was made vice- 
director, a post he filled until December 
1951. He expects to continue his research 
as an emeritus member of the staff. 


ANTHONY W. SMITH, well-known 
conservationist, has been named execu- 
tive secretary of the National Parks As- 
sociation, Washington, D.C. He has been 
a member of the board of trustees and 
the executive committee of the associa- 
tion for many years. He is also'a member 
of the executive committee of the Citi- 
zens Committee on Natural Resources. 


Consolidated Electrodynamics Corpo- 
ration, Pasadena, Calif., has announced 
the appointment of CHARLES F. ROB- 
INSON as chief research physicist and 
LELAND G. COLE as chief research 
chemist. Robinson joined the corpora- 
tion in 1947 as a staff physicist and be- 
came senior physicist in 1952. Cole 
joined in 1955 as senior chemist. 


TROY L. PEWE, past president of 
the AAAS Alaska Division, has been 
named first head of the department of 
geology at the University of Alaska, 
College, Alaska. Péwé has been serving 
as geologist-in-charge for the U.S. Geo- 
logical Survey’s Alaskan Geology Branch 
at College, a post he will continue to fill 
during the summer months, 


President Eisenhower has accepted the 
resignation of EDWARD TELLER as a 
member of the general advisory commit- 
tee to the Atomic Energy Commission. 
Teller resigned because he felt that his 
job as director of the University of Cali- 
fornia Radiation Laboratory at Liver- 
more conflicted with membership on the 
advisory committee. The laboratory is 
under the AEC and Teller has been its 
director since 1 April. 


RAYMUND L. ZWEMER has joined 
the staff of the science adviser in the 
Department of State. He has most re- 
cently been with UNESCO in Paris, for 
2 years as chief of the Division of Inter- 
national Cooperation for Scientific Re- 
search, and the last 6 months as chief of 
the Bureau of Personnel and Manage- 
ment. His particular responsibility in the 
Office of the Science Adviser will be 
with the science programs of intergov- 
ernmental organizations, both interna- 
tional and regional. 






Recent Deaths 


GORDON E. DEAN, Nantucket, 
Mass.; 52; senior vice president in 
charge of nuclear energy for General 
Dynamics Corporation and chairman of 
the board for the Nuclear Science and 
Engineering Corporation; chairman of 
the Atomic Energy Commission from 
1950 to 1953; 15 Aug. 

WILLIAM W. HINCKLEY, New 
York, N.Y.; 48; psychologist with the 
Bleuler Psychotherapy Group, Jamaica, 
N.Y.; 15 Aug. 

ALBERT G. INGALLS, Cranford, 
N.J.; 70; assistant editor of Scientific 
American; author of three books on ama- 
teur telescope making; 13 Aug. 

SAMUEL IVES, Madison, Wis.; 
curator of rare books at the University 
of Wisconsin; had started a bibliogra- 
phy of early chemical and medical books 
at the time of his death; 9 Aug. 

CHEVALIER JACKSON, Philadel- 
phia, Pa.; 92; noted for perfecting the 
technique for using the bronchoscope; 
had been professor of laryngology at the 
University of Pittsburgh, Jefferson Med- 
ical College, and the University of Penn- 
sylvania Graduate School of Medicine; 
founder of the Jackson Bronchoscopic 
Clinic at Temple University; 16 Aug. 

FREDERICK JOLIOT-CURIE, 
Paris, France; 58; nuclear physicist and 
French High Commissioner for Atomic 
Energy from 1946 to 1950; shared the 
Nobel Prize in chemistry with his late 
wife Irene for producing artificial radio- 
active elements for the first time; 14 
Aug. 

KARL S. LASHLEY, Jacksonville, 
Fla.; 68; director of the Yerkes Labo- 
ratories, a division of Emory University, 
from 1942 until his retirement in 1955; 
formerly professor of neuropsychology 
at Harvard University and professor of 
psychology at the University of Minne- 
sota and the University of Chicago; psy- 
chologist at the Institute for Juvenile 
Research in Chicago; 7 Aug. 

JOHN H. MARSHALL, Guildford, 
England; 82; noted archeologist and ex- 
plorer; director general of archeology in 
India from 1902 to 1931; discoverer of 
buried cities on the Indus River that are 
more than 5000 years old; i8 Aug. 

GEORGE B. PEGRAM, Swarthmore, 
Pa.; 81; vice president emeritus of Co- 
lumbia University; directed a research 
group at Columbia University that led 
to the development of the atom bomb; 
contributed individually to the develop- 
ment of atomic science; 12 Aug. 

VICTOR ROSS, South Yarmouth, 
Mass.; 64; research associate in biochem- 
istry at the College of Physicians and 
Surgeons at Columbia University from 

1939 to 1954; member of the staff of 
the chemistry department of Montefiore 
Hospital; 9 Aug. 
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Book Reviews 


Space, Time, and Creation. Philosophi- 
cal aspects of scientific cosmology. 
Milton K. Munitz. Free Press, Glen- 
coe, Illinois, and Falcon’s Wing Press, 
1957. x+ 182 pp. $3.75. 


For anyone interested in modern 
operational thinking, the reading of 
Munitz’ crystal-clear exposition of the 
aims and possibilities of our scientific 
methods is a real pleasure. The book 
offers precisely what one would expect 
from a philosopher—a discussion of 
wider perspectives than those an obser- 
vational astronomer can afford to spend 
much time on. It reminds one of Reich- 
enbach’s The Rise of Scientific Philoso- 
phy in its disavowal of absolute thinking 
in favor of true—that is, relational— 
thinking. The keynote of the present 
book is stated immediately: “The task 
of logic or critical philosophy is not to 
understand the universe, but to under- 
stand in what such understanding con- 
sists.” This theme is preserved through- 
out the book and gives it great unity. It 
is reminiscent of Reichenbach’s conten- 
tion that, while we cannot hope to find 
absolute truth, we can perhaps expect to 
understand why it is that we wish to 
know it. 

The language and style of Munitz’ vol- 
ume is exceedingly precise, without any 
touch of the pedantry one: usually fears 
to find in opening a philosophical essay. 
Although the author gives us remarkably 
clear bird’s-eye views of the four or five 
principal cosmological models, he has us 
consider, not so much questions like “Is 
the universe finite?” or “Is there crea- 
tion of matter?” but, rather, what is the 
legitimate meaning of these questions— 
what, for instance, do we really mean 
by the term universe? And what precise 
meaning can we attach to the term 
creation of matter? 

The first four chapters outline some 
of the cosmogonies, from the Marduk 
myth to Hoyle’s version of the steady- 
state universe. The discussion illustrates 
and critically examines the nature of sci- 
entific statements in general. We are 
gradually led to realize that any theory 
worthy of the name contains rules for 
making inferences whereby one can pre- 
scribe the general type of process by 
which predictions can be made from 
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known facts to indicate probabilities of 
finding further facts. Whatever unifying 
scheme or symbolic representations may 
be adopted as tools, the most essential 
fact of any theory is always a rule of in- 
duction to predict further facts from a 
limited body of known facts. The value 
of a theory is measured by its degree of 
comprehensiveness, its predictive power, 
and its economy of conceptual means— 
what [Einstein called its simplicity. It is 
particularly to be noted that one cannot 
talk about a part of a theory being true, 
the rest false. The truth of a theory is 
measured by the agreement of its predic- 
tions with observed facts. If this argu- 
ment fails, the truth of the whole theory, 
not merely of a last inference from it, 
is questioned. 

With this background we are then 
asked to consider the meaning of the 
term universe. In cosmology a universe 
is nothing but “an expression for the 
system of connections, facts, and usages 
which refined and tested thought has 
come to accept in one domain of ex- 
perience. It means nothing apart from 
this’ funded background.” To illustrate: 
there is the Universe of the cosmologist, 
the Universe of Life for the biologist, 
the Universe of Mind for the psycholo- 
gist, the Universe of Spirit for the theo- 
logian, and the Universe of Matter for 
the physicist. None of these “universes” 
is an “object” in any other sense than 
that of a connected body of facts and 
deductions. We must give up the naive 
viewpoint that there is an entity. called 
“the  Universe-as -it- exists -in - itself,” 
which would exist out of mind, inde- 
pendently of whether we observe its 
facts or not. There are only the physical 
and relational facts or observations and 
the rule of inference for obtaining more 
facts, partly physical, partly mental. A 
cognitively inaccessible Ding-an-sich, the 
layman’s matter-of-fact view of the 
world, is a metaphysical monstrosity, 
wholly divorced from any meaning 
amenable to scientific discourse and in- 
quiry. As de Sitter has remarked in one 
of his lectures, “the universe is a theory 
just as much as the atom.” The same 
is the case with “the gene,” or “the 
atom of life,” or “the nature of God,” 
or “the macroscopic atom of concre- 
tion.” 





While there are many spectacular 
popular expositions of today’s specific 
cosmological models, only those written 
by philosophers begin to show to what 
degree the modern world pictures are 
mental fictions. The last. six chapters of 
the present boo: constitute such an ac- 
count. Rather than dwell upon dimen- 
sions and figures, the author lays bare 
the logic of the constructions in suffi- 
cient detail to pursue a critical exami- 
nation and a well-grounded criticism of 
the whole scheme. It is shown that in 
some cases theory goes so deep as to pre- 
scribe what shall be the type of fact con- 
sidered as a physical law of nature. 
Under the heading “Rationalism,” the 
conventional expanding-universe theories 
are all shown to contain, first, observa- 
tional premises; second, a physical the- 
ory verified in our immediate spatial 
neighborhood; and third, a rule of ex- 
trapolation to greater distances and per- 
haps wider classes of observational data. 
No presumption is made that such a 
theory is certain, complete, or unique. 
E. A. Milne’s view, however, is diamet- 
rically opposite. He cares nothing for the 
“irrational” laws of microscopic, or even 
gravitational, physics. It is better, he 
maintains, to establish a cosmological 
scheme right out of our heads on a 
wholly deductive basis as a self-sufficient 
discipline and then see how much of the 
known physics can be fitted into the 
scheme. But even if nothing fits of the 
small-sale ordinary physics, one should 
not tamper with “the great intuitional 
simplicities” which are the basis for his 
world view. According to Munitz this 
is not scientific at all. The fallacy lies in 
thinking that there -are. available. rival 
“deductive” and “inductive” methods in 
science. One cannot help recalling the 
same criticism voiced forcefully by F. J. 
M. Stratton (in 1953, in The Observa- 
tory), who considers Milne’s methods 
“pre-Coperrican” in their special appeal 
to esthetics through his “cosmological 
principle.” 

The. little volume by Milne entitled 
Modern Cosmology and the Christian 
Idea of God also comes in for some fair 
criticism. The statements “the universe 
is unique” and “the world was created 
at a definite point in time on the scale 
of observers in relative uniform motion” 
are analyzed as to their precise meaning. 
There are only two cases to consider: 
“the observable universe,” which is the 
same for all theories, and “the universe,” 
which is defined by the rules of an 
adopted theory and is, therefore, as 
much a unique physicomental reality on 
the basis of any other theory as it is on 
that of Milne’s “kinematic relativity” 
view. As to the sense of Milne’s creation 
epoch, this was already latent in his in- 
troduction of the “cosmological princi- 
ple”: “The world views of any two 
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equivalent observers (observers moving 
with the substratum in their respective 
neighborhoods) are identical.” One must 
read his 1934 articles in Zeitschrift fiir 
Astrophysik (in English) or his book 
Cosmogony and World Structure in 
order fully to realize how rich can be 
the crop of deductions reaped in a sig- 
naling universe, such as Milne’s, from 
this innocent-looking principle. 

An excellent discussion of the curva- 
tures of space-time manifolds is given 
in the chapter on world geometry. New- 
ton’s extensional, Leibniz’ relational, 
and Einstein’s physical, views of space 
are well described. Robertson’s simple 
formulas to show how different “curved” 
spaces differ from “flat” space are 
quoted. It appears that the unfortunate 
term curvature has nothing whatever to 
do with change of direction. A much 
better term would have been distance- 
deficit, or distance-excess of perimeter, 
area, or volume, as the case may be. The 
fact is stressed that all kinds of spaces 
are capable of serving as world maps, 
with proper laws adopted for the phe- 
nomena described, but that only certain 
kinds of space are convenient mathe- 
matically. 

A chapter on “The Age of the Uni- 
verse” follows, in which it is shown that 
the current estimates for the expanding 
universe, whether on the old or the new 
time scale, are very far from being in 
any sense factual. While it is true that 
the Hubble constant enters into the com- 
putation of the “age,” McVittie has 
stressed that a factor depending upon 
the model, a pure guess that the present 
redius of curvature is about 100 times 
the original Einstein radius, and an as- 
sumption of the average density of mat- 
ter in the observed universe (an estimate 
which is still uncertain within a factor 
of 1000 according to some observational 
astronomers) all enter into the compu- 
tation of the age. In addition to these 
uncertainties, we do not know that the 
nebulae have always moved at their pres- 
ent constant speeds. Accelerations and 
decelerations with time are at present 
being considered as possibilities. The re- 
sult is that we know nothing certain 
about the age of the universe. But why 
should we expect to find an age for it 
at all, sinee “the universe” is really a 
view point, like “the atom.” 

The last two chapters contain a dis- 
cussion of the cosmology of the steady- 
state universe. The “perfect cosmological 
principle,” introduced in Bondi’s version 
of it, may be stated as follows: “Apart 
from local irregularities, the universe 
presents the same aspect from any place 
at any time.’ With this principle at 
work, the steady-state universe permits 
the continual creation of matter in 
space. The author does not say this is 
impossible, but he maintains that there 
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is no real evidence for it, and that it 
would have been far more scientific to 
postulate a universe of constant density 
in time than to assert that the cause of 
this constant density is creation of mat- 
ter. The “perfect cosmological principle” 
is, he thinks, no better than an Aristo- 
telian argument from esthetic simplicity 
—that is, a post-Copernican anachro- 
nism. It is not a factual statement capa- 
ble of serving as a premise in an argu- 
ment but a definition that functions as 
a criterion of what is to be regarded as 
a law of nature. 

Finally, we are asked to consider in 
what sense there is creation of matter 
in the universe. The meaning of the term 
creation is twofold, but neither sense of 
the word is acceptable as a cosmological 
postulate. The first—namely, the shaping 
of objects out of already existing mate- 
rial—requires an agent, a_ primordial 
material, and, usually, a purpose. It is 
irrelevant on the large scale of cos- 
mogony and could at best enter for the 
first time on the scale of nebular astron- 
omy. But it is the second meaning, “the 
appearance of physical matter in time 
and space out of nothing,” which is gen- 
erally attached to the word creation, 
used by itself. Hoyle’s version of the 
steady-state universe is carefully ana- 
lyzed. It is given credit for what it is— 
the first complete field theory of the 
process of creation—but perhaps not 
enough credit. In the discussion of this 
subject it is obvious that Munitz pos- 
sesses a precise knowledge both of 
Hoyle’s technical paper of 1948 and of 
his popular writings. Since the appear- 
ance of the latter, in 1950, the theory of 
the creation ex nihilo of matter in three- 
dimensional space has caused great 
furor among the general reading public, 
due, perhaps, to a too literal acceptance 
of a condensed popular statement in the 
volume entitled The Nature of the Uni- 
verse. The statement is: “New material 
appears to compensate for the back- 
ground material that is constantly being 
condensed into galaxies. . . . I find my- 
self forced to assume that the nature of 
the Universe requires continuous crea- 
tion—the perpetual bringing into being 
of new background material.” While it 
is hazardous to judge a man’s precise 
meaning on an ultimate subject from his 
radio lectures or other popular writings, 
there is no doubt that Hoyle thinks of a 
four-dimensional vector representation 
of a four-dimensional flow of energy. 
The vector has a nonzero component 
in the time direction, and this appears in 
three dimensions as an arrival of matter 
(a form of energy) with zero velocity at 
various points in space, out of nothing 
observable—that is, it appears as crea- 
tion out of nothing in three dimensions. 

McCrea of London is given the credit 
for having elaborated the process to sh6w 





that it is not a creation of new energy 
ex nthilo in four dimensions but the con- 
version of a negative four-dimensional 
stress into energy. But it appears to me 
that the germ of this idea is present also 
in Hoyle’s 1948 paper. This appears 
from his two equations describing the 
process of creation. He also states, in his 
book Frontiers of Astronomy, that the 
creation of matter contemplated is due 
to the matter at infinity—that is, matter 
beyond -our relativistic horizon. In other 
words, to Hoyle, the “creation of mat- 
ter” appears ex nihilo only in three- 
dimensional space. It is but an aspect of 
four-dimensional conversion of energy 
already existing in some form in four- 
dimensional space-time. It is therefore, 
at bottom, a conversion of something ex- 
isting in four dimensions only, so that it 
exists on paper only! This being clearly 
a consequence of the postulates adopted 
at the very beginning of Hoyle’s treat- 
ment of relativity, the attentive reader 
would never have the occasion to doubt 
that when Hoyle uses the term creation 
he means “creation into our three-dimen- 
sional physical experience,” not “crea- 
tion out of nothing.” Hence, the furor 
should not have been permitted to flour- 
ish long. Once this is clear, one can per- 
haps pardon an Englishman for not add- 
ing, over and again, “into our threc- 
dimensional physical experience” every 
time the idea of creation is referred to. 
However, this is a serious matter to the 
philosopher and is severely criticized by 
the present author. The criticism goes 
deeper than the mere use of words. It 
touches upon the meaning of physical 
reality. Although not specifically stated, 
it appears that the author does not con- 
sider the fourth, timelike dimension of 
space-time a physical experimental real- 
ity—a view that certainly needs to be 
stressed in our own age, which permits 
four-dimensional universes to be talked 
of as if they had the physical status of 
basketballs. It is not the physical mo- 
tion of a particle that is four-dimen- 
sional, it is the history of the motion. 
It is not the physical universe that is 
four-dimensional, it is our formal men- 
tal representation of it that is. We never 
measure physically “the fourth dimen- 
sion” any more than we directly meas- 
ure “the universe” or “the atom.” 

The Dutch mathematician Struik 
points out in his little book on four- 
dimensional geometry that in our experi- 
ence of nature there never are more than 
three physical dimensions. (By “physi- 
cal” is, of course, meant measurable in 
principle by electromagnetic or gravita- 
tional fields.) It is therefore understand- 
able that a philosopher takes exception 
to Hoyle’s constant use of the term crea- 
tion by itself. For with this abbreviated 
use one normally associates ex nihilo, an 
unnecessary and harmful scientific con- 
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cept. It dogmatically closes a subject, 
while the whole advantage .of theory is 
to open up new possibilities of finding 
facts—physically measurable quantities 
—never to expostulate a supernatural en- 
tity. Infinity or finitude of a universe 
may be equally useful—nay, equally 
true—concepts as rules of extrapolation 
to new measurable facts. It is the set of 
rules, blended with physical theory, rep- 
resented by mathematics (multidimen- 
sional or not), used as an extrapolation 
tool, and not a metaphysical “thing-in- 
itself,” which constitutes the “universe” 
of cosmology. 

T. S. JacopsEN 
Department of Astronomy, 
University of Washington 


Handbuch der Physik. vol. 50, Astro- 
physics, I. S. Fliigge, Ed. Springer, 
Berlin, 1958. vii+ 458 pp. Illus. DM. 
98. 


It was an excellent idea on the part 
of the editor of the new Handbuch to 
include volumes on such borderline 
fields as geophysics and astrophysics. In- 
deed, a good astrophysicist is a much 
more complete physicist nowadays than 
most of his much-too-much-specialized 
physicist colleagues. An astrophysicist 
has to know quantum mechanics and 
electromagnetic theory to understand 
stellar spectra; nuclear physics to under- 
stand the energy production in stars; dif- 
fusion theory, thermodynamics, and 
statistical mechanics to understand the 
equilibrium in stellar atmospheres; or- 
dinary and magnetohydrodynamics to 
understand many of the processes in in- 
terstellar space; Hamiltonian mechanics 
to understand celestial mechanics; and 
so on. Part of this many-sidedness of 
modern astrophysics can be gleaned from 
the first astrophysics volume of the new 
Handbuch. One can also see the truly in- 
ternational character of the subject from 
the fact that, of the ten contributions 
from four different countries, two are in 
German, three are in French, and five 
are in English. 

It is clearly impossible in the restricted 
confines of a review to do justice to a 
volume such as the present one, and one 
must limit oneself to a brief summary 
of the contents of the various contribu- 
tions. The emphasis in this volume has 
been predominantly observational, al- 
though the longest paper deals with the 
theory of stellar atmospheres. 

The first contribution is ty Fehren- 
bach (Marseilles), who gives a compre- 
hensive survey of spectral classification 
of stars, comparing the different pos- 
sible classifications. Keenan (Delaware, 
Ohio) discusses briefly metallic line 
stars, F-, G-, and K-type high-velocity 
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stars, and stars with carbon features, 
while Swings (Liége) gives a survey of 
molecular bands in stellar spectra. 
Wurm (Hamburg) contributes two pa- 
pers, the first one dealing with the ob- 
servational data and the second one, 
with the theoretical interpretation of 
the spectra of planetary nebulae. Green- 
stein (Pasadena, Calif.) discusses white 
dwarfs, and van de Kamp (Swarth- 
more, Pa.), visual binaries. Gaposchkin 
(Cambridge, Mass.) deals with eclips- 
ing, and Struve and Huang (Berkeley, 
Calif.), with spectroscopic binaries. The 
last contribution includes a discussion 
of several peculiar systems and of the 
evolution and origin of binaries. Finally, 
Barbier (Paris) treats the theory of stel- 
lar atmospheres in ample detail. 

As one has come to expect from the 
Handbuch, the standard is high through- 
out, and the publishers have produced 
a book which is a pleasure to handle. As 
a consequence of its subject matter, it 
contains a large number of half-tones, 
well reproduced. 

D. TER Haar 
Clarendon Laboratory, 
Oxford, England 


Shell Theory of the Nucleus. Eugene 
Feenberg. Princeton University Press, 
Princeton, 1955. xi+211 pp. $4. 


The shell theory of the nucleus in its 
initial stages of development was re- 
jected because of the apparent conflict 
with the strong, short-range character of 
nuclear forces. It is now a challenge 
to the more fundamental approaches to 
nuclear structure to explain the shell 
model’s unexpected success. Feenberg, a 
leader in the development of shell model 
ideas, has written a valuable description 
of the model’s interpretation of low-en- 
ergy nuclear phenomena. 

The book begins with a brief histori- 
cal introduction describing the experi- 
mental information that led early work- 
ers to hypothesize the shell structure of 
nuclei. A quantitative presentation of 
the independent particle approach is 
then given and used in the following 
chapters to interpret a variety of nuclear 
phenomena in terms of the shell model. 
Magnetic dipole and electric quadrupole 
moments are treated. Shell ‘model pre- 
dictions of the character and location of 
isomeric transitions are correlated with 
experimental data. The classification of 
beta decay according to shell model 
states is given, along with an analysis of 
favored beta decay. Of particular value 
is the analysis of j-j coupled configura- 
tions in which the isobaric spin formal- 
ism is used. Several beta decay matrix 
elements and magnetic moments are 
calculated explicitly as examples. One 


chapter is devoted to collective motion 
and its connection with shell structure. 
The final chapter is an introduction to 
what Feenberg terms the third stage of 
development—namely, the attempt to 
relate our knowledge of the nucleon- 
nucleon force to the problems of nuclear 
structure. 

In total, the book provides a remark- 
ably fine introduction to the shell model 
approach and has already proved very 
useful to students of nuclear physics. 

R. W. Kine 
Department of Physics, 
Purdue University 


Textile Chemicals and Auxiliaries. With 
special reference to surfacants and fin- 
ishes. Henry C. Speel and E. W. K. 
Schwarz. Reinhold, New York; Chap- 
man & Hall, London, ed. 2, 1957. vi 
+ 545 pp. $13.50. 


This second edition differs from the 
first edition published in 1952 in con- 
taining market data on textile chemicals 
and a chapter on “Felts and non-woven 
fabrics.” It also contains information on 
newer developments in flameproofing 
and other types of finishing, new trade- 
marked products, and new fibers, but the 
total amount of new material is small. 

Although the type is clear, numerous 
obvious errors detract from the book. 
These include errors in chemical formu- 
las and spelling, replacement of words 
with words of somewhat similar appear- 
ance but different meaning, and scram- 
bled sentences and paragraphs. 

FiorencE H. Forziati 
Textiles Section, 
National Bureau of Standards 


Advances in Cancer Research. vol. V. 
Jesse P. Greenstein and Alexander 
Haddow, Eds. Academic Press, New 
York, 1958. ix +463 pp. Illus. $10.80. 


The fifth volume of this series main- 
tains the high standard for informative, 
scholarly reviews set by the preceding 
four volumes. The Advances is now a 
standard reference, and any cancer re- 
search laboratory or clinic is quite in- 
complete without it. 

The first chapter, on “Tumor-host re- 
lationships,” by R. W. Begg, sets the 
main theme of the volume. There is cer- 
tainly no doubt that neoplasms produce 
biochemical and morphological changes 
in tissues distant to, and free of, the 
tumor, but exploitation of these effects 
except in a few small specific instances 
still remains for the future. Three addi- 
tional chapters deal with aspects that 
may be related to this topic. “Anemia 
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in cancer,” reviewed by V. E. Price and 
R. E. Greenfield, as one of the complex 
end results of the neoplastic process, may 
well be related to the “Specific tumor 
antigens” which L. A. Zilber describes, 
as an autoimmunization effect, or to the 
catalase-reducing, heat-stable proteose 
with which W. Nakahara and F. Fu- 
kuoka deal in their “Newer concept of 
cancer toxin.” 

P. N. Campbell describes “Protein 
synthesis with special reference to growth 
processes both normal and abnormal.” 
The Weisburgers give a full account of 
the “Chemistry, carcinogenesis and me- 
tabolism of 2-fluorenamine and related 
compounds”; these intriguing chemical 
“polycarcinogens,” unlike the aromatic 
hydrocarbons, fortunately seem to main- 
tain the fruitful interest of biochemists. 
P. R. Peacock presents a timely chapter 
on “Chemically induced tumors of 
fowls.” The role of viruses is not any 
clearer in these neoplasms than in other 
species, despite the present popularity 
of this concept. 

C. Berman condenses his long-term 
interest in “Primary carcinoma of the 
liver” into a short, clinically oriented 
chapter. Despite the fact that only rela- 
tive frequency figures are available as 
an index of its occurrence, it is clear 
that liver cancer is an environmental 
neoplasm of epidemic proportions in 
South Africa, India, and the Far East. 
It is one of the neoplastic afflictions of 
mankind (along with carcinoma of the 
bladder associated with infestation by 
Schistosoma haematobium, and epider- 
moid carcinoma of the lung induced by 
cigarette smoke and other air pollutants) 
in which research and public health can 
join hands in an international effort, 
with the victory of substantial preven- 
tion being an assured, achievable goal. 

MicwHaet B, SHIMKIN 
National Cancer Institute, 
National Institutes of Health 


Land of the Tollund Man. The prehis- 
tory and archaeology of Denmark. 
Palle Lauring. Translated by Regi- 
nald Spink. Macmillan, New York, 
1958. 160 pp. Illus. $6. 


If it is not correct to call the Land of 
the Tollund Man a book for professional 
archeologists, neither is it fair to call it 
merely a popular book on the archeol- 
ogy of Denmark. A judiciously limited 
amount of straight archeological fact is 
clothed in cultural dress based on stimu- 
lating data from other fields and trimmed 
with theories and speculations which are 
always carefully distinguished from the 
facts. 

In the first chapter, Lauring’s de- 
scription of the changes in land and cli- 
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mate, based on the latest views of glacial 
geology and geography, clarify the lim- 
ited picture of man’s first appearance in 
Denmark. As the archeological story 
progresses, the chapters abound with a 
variety of subjects: modern experimen- 
tation in flint-flaking, including rather 
bloody attempts by the author himself; 
religious ideas that may have underlain 
the practice of constructing megalithic 
monuments; a comparison of the eco- 
nomics of farming in Neolithic and mod- 
ern times; accidentally preserved cos- 
tumes of the Bronze Age; the necessity 
of postulating a powerful organization 
in Bronze Age Denmark which exported 
local products, largely amber, on a large 
scale and which demanded and made 
use of expensive bronze and gold objects 
in return; the construction of Iron Age 
boats; and the importance of the sea in 
Denmark’s economy in all periods. 

Among the most interesting finds are 
the treasures and well-preserved human 
bodies found in bogs. The condition of 
the body, with face bashed in, throat cut, 
or with a noose around the neck, gives 
Lauring the opportunity to recreate the 
scene of sacrifice in vivid, melodramatic 
prose. One of these sacrifices, the Tol- 
lund Man, supplies the title to the book. 

The final chapter carries the story 
down through the Germanic Iron Age, 
in which the foundation for the Viking 
period was laid. 

The book is illustrated with 77 photo- 
graphs of exceptionally high artistic and 
technical quality. 

DoNnaALD FREEMAN Brown 
Peabody Museum, Harvard University 


Communicable Diseases. A bibliography 
of internal medicine. Arthur L. Bloom- 
field. University of Chicago Press, Chi- 
cago, 1958. viii + 560 pp. $10. 


In the preface Bloomfield states that 
“The surge of new knowledge in medi- 
cine has created a tremendous problem 
both for the student and for the practi- 
tioner .. . . In current medical writing 
what is referred to as the ‘older litera- 
ture’ often turns out to be that of the 
previous decade ... . In brief, there is a 
real danger that we shall become com- 
pletely cut off from our medical past and 
relapse into a sort of modern Dark Age.” 

With this situation in mind, Bloom- 
field, professor emeritus of medicine at 
Stanford University School of Medicine, 
has compiled this bibliography of com- 
municable diseases. Thirty diseases are 
included: typhoid fever, cholera, bacil- 
lary dysentery, plague, brucella infection, 
pneumococcal pneumonia, scarlet fever, 
erysipelas, rheumatic fever, meningococ- 
cal infection, gonorrhea and gonococcal 
infection, tuberculosis, leprosy, diphthe- 


ria, tetanus, typhus, syphilis, malaria, 
amebic dysentery, influenza, poliomye- 
litis, the common cold, measles, small- 
pox, vaccinia, rabies, yellow fever, 
herpes zoster, mumps, and whooping 
cough. 

References cover the period from 
about 1800 to the present. An author in- 
dex is included. 


Bridges and Their Builders. David B. 
Steinman and Sara Ruth Watson. 
Dover, New York, rev. ed., 1957. 
xvi+401 pp. Illus. Paper, $1.95. 


The first book devoted solely to 
bridges did not appear until 1714, but 
this lack of specialized information has 
been fully remedied in more recent 
times. There is today a legion of tech- 
nical publications available to the mod- 
ern bridge engineer which would fill a 
major size library. These many works re- 
veal the fascinating story of the bridge- 
builder’s ever-increasing competence and 
ingenuity in more effectively and econom- 
ically meeting man’s continually expand- 
ing needs for such basic transportation 
facilities. Unfortunately, however, this 
story is both largely unavailable to the 
layman and obscured by technical terms 
and details. As a result, the few popular 
books on bridges which have been issued 
are largely pictorial in character and sel- 
dom attempt to explain either the sim- 
pler problems of bridgebuilding or the 
many factors, from the availability of 
materials and the economics of construc- 
tion to the compelling forces of need and 
cost, that condition the labors of the 
bridgebuilder. Such works thus offer lit- 
tle to enlighten the layman and little of 
value to the engineer. 

The authors of this book, a revised and 
enlarged edition of a work first published 
in 1941, have attempted to follow a mid- 
dle course. They have selected a group 
of notable bridges, especially more re- 
cent works, and have told the story of 
these bridges and of their builders with 
clarity and in some detail. Steinman is 
a well-known bridge engineer, and, while 
some of his interpretations of the reasons 
which led to the adoption of earlier 
bridge forms may be questioned, both 
the layman and the engineer will find 
much of interest in this effort to reveal 
“man’s conception and creation of 
bridges.” 

As the authors note, engineering and 
architecture went hand in hand through 
earlier ages, and it was not until the 18th 
century that the design of bridges broke 
away from the overpowering artistic 
architectural interests of the Renaissance 
and a truly modern era of rationalized 
bridge design began to emerge. This 
movement was initiated in France, espe- 
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cially following the creation of the Corps 
des Ponts et Chaussées in 1716, but the 
forces prompting it becamé more insist- 
ent with the advent of iron in sufficient 
quantity and at a cost that made its use 
in bridges possible. This arrival of a real 
Iron Age, plus the advent of the railroad 
and, in the present century, motor trans- 
portation, have made it necessary for the 
engineer to continually create bigger and 
better bridges, many of which are inter- 
estingly described in Bridges and Their 
Builders. 

James K, Fincu 
School of Engineering, 
Columbia University 


New Books 


List of Films on Human Anatomy and 
Embryology. Association Néerlandaise du 
Cinéma Scientifique, Catharijnesingel 59, 
Ingang Sterrenbos, Utrech, Netherlands; 
Association Internationale du Cinéma Sci- 
entifique, 38, Avenue des Ternes, Paris 
17°, ed. 2, 1957. 213 pp. 

Reaktionsmechanismen. Volker Fran- 
zen. Huthig, Heidelberg, Germany, 1958. 
160 pp. DM. 18. 

Space Flight. Satellites, spaceships, 
space stations, and space travel explained. 
Carsbie C. Adams; Assisted by Frederick 
I. Ordway, III, Heyward E. Canney, Jr., 
Ronald C. Wakeford. McGraw-Hill, New 
York, 1958. 389 pp. $6.50. 

Elektrochemische Sauerstoffmessungen. 
Konzentrationsmessungen oxydicrender 
und reduzierender Stoffe durch galva- 
nische modellelement. Fritz Todt. Gruy- 
ter, Berlin, 1958. 232 pp. DM. 36. 

Resource Training for Business, Indus- 
try, Government. Including a report of 
the First Conference on Graduate Train- 
ing in Resources, University of Michigan, 
April 1956. Published for the Natural 
Resources Study Committee by the Con- 
servation Foundation, New York, 1958. 
159 pp. 

Industrial Hygiene and Toxicology. vol. 
1,General principles. Frank A. Patty, Ed. 
Interscience, New York and London, ed. 
2, 1958. 858 pp. $17.50. 

‘Cosmic-Ray Results. From Huancayo, 
Peru, January 1946—December 1955, In- 
stituto Geofisico de Huancayo; Chelten- 
ham, Maryland, March 1936-December 
1955; U.S. Coast and Geodetic Survey, 
Cheltenham Magnetic Observatory; 
Christchurch, New Zealand, January 
1947—December 1955, Department of 
Scientific and Industrial Research, Mag- 
netic Survey Division; Godhavn, Green- 
land, January 1947—December 1950; Det 
Danske Meteorologiske Institut, Geofy- 
sisk Observatorium. Researches of the 
Department of Terrestrial Magnetism, 
vol. XX. Isabelle Lange and S. E. For- 
bush. Carnegie Institution of Washington, 
Washington, D.C., 1957. 229 pp. Paper, 
$2; cloth, $2.25. 

Conference on Extremely High Tem- 
peratures. Boston, Massachusetts, 18-19 
March 1958. Sponsored by Electronic 
Research Directorate, Air Force Cam- 
bridge Research Center. Heinz Fischer 
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and Lawrence C. Masur, Eds. Wiley, New 
York; Chapman & Hall, London, 1958. 
269 pp. $9.75. 

Inspection for Disarmament. Seymour 
Melman, Ed. Columbia, Univ. Press, New 
York, 1958. 291 pp. $6. 

Principles of Internal Medicine. Edited 
by T. R. Harrison, Raymond D. Adams, 
Ivan L. Bennett, Jr., William H. Resnik, 
George W. Thorn, M. M. Wintrobe, Eds. 
Blakiston Div., McGraw-Hill, New York, 
ed. 3, 1958. 1860 pp. $18.50. 

The Population of Japan. Irene B. 
Taeuber. Princeton Univ. Press, Prince- 
ton, N.J., 1958. 481 pp. $15. 

The Science of High Explosives. Mel- 
vin A. Cook. Reinhold, New York; Chap- 
man & Hall, London, 1958. 455 pp. 
$22.50. 

Introduction to Nuclear Engineering. 
Richard Stephenson. McGraw-Hill, New 
York, ed. 2, 1958. 502 pp. $9.50. 

Klinische Calorimetrie und Thermome- 
trie. Die thermischen messverfahren zur 
registrierung der haut- und gewebedurch- 
blutung am menschen. Grundlagen, tech- 
nik, methodik, anwendung in klinik und 
praxis. Helmut P. Kuemmerle. Thieme, 
Stuttgart, Germany, 1958 (order from 
Intercontinental Medical Book, New York 
16). 112 pp. $4.30. 

The Neutrino. James S. Allen. Prince- 
ton Univ. Press, Princeton, N.J., 1958. 
176 pp. $4.50. 

Chemical Engineering Practice. vol. 4, 
Fluid State. Herbert W. Cremer, Ed. Aca- 
demic Press, New York; Butterworths, 
London, 1957. 648 pp. $17.50. 

Children of the Kibbutz. Melford E. 
Spiro. Harvard Univ. Press, Cambridge, 
1958. 520 pp. $10. 

Commercial Fruit and Vegetable Prod- 
ucts. W. V. Cruess. McGraw-Hill, New 
York, ed. 4, 1958. 891 pp. $15. 


Reprints 


The Japanese Abacus. Its use and 
theory. Takashi Kojima. Tuttle, Rutland, 
Vt., 1958. 102 pp. Paper, $1.25. 

The Typhoon-Hurricane Story. Robert 
E. Fuerst. Tuttle, Rutland Vt., 1958. 
Paper, $1.50. 

Microwave Transmission Design Data. 
Theodore Moreno. Dover, New York, 
1958. 257 pp. Paper, $1.50. 

Mathematical Tables of Elementary 
and Some Higher Mathematical Func- 
tions. Herbert Bristol Dwight. Dover, New 
York, ed. 2, 1958. $1.75. 
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Serotonin Antagonism of 
Noradrenaline in vivo 


We have previously reported that pre- 
treatment with serotonin reduces the 
mortality of mice given bacterial endo- 
toxin (1). Since the administration of 
endotoxin is followed by the secretion of, 
and hypersensitivity to, the adrenalines 
(2), the possibility that serotonin might 
prove to have antiadrenergic properties 
was investigated. We have been able to 
demonstrate that serotonin antagonizes 
the effect of noradrenaline in four in vivo 
test systems, 

Inhibition of acute noradrenaline tox- 
icity in mice. Serotonin (250 to 450 ug) 
(3) was given to adult male mice (Car- 
worth Farms) averaging 24 g in weight, 
in 0.1 ml of isotonic saline, divided be- 
tween the intraperitoneal and subcutane- 
ous routes. Fifteen minutes later 400 ng 
of noradrenalin were injected intraven- 
ously. Control mice, pretreated with 
saline, were similarly injected with nor- 
adrenaline. Serotonin pretreatment re- 
duced the l-hour noradrenaline mortal- 
ity from 27/30 to 5/30, and in separate 
experiments was found to abolish the 
concomitant pulmonary edema caused 
by noradrenaline. 

Suppression of the mouse pilomotor re- 
sponse. The erector response of the pilo- 
motor muscles may be elicited by the 
injection of exogenous noradrenaline, or 
by the release of endogenous noradrena- 
line following exposure to cold or the 
injection of reserpine (4). We have 
elicited this reaction by the intramuscu- 
lar injection of 100 wg of noradrenaline, 
the intraperitoneal injection of 50 ug of 
reserpine, or placement of the mouse 
on a cold metal plate at 1°C. All three 
methods evoked a response that was re- 
producible and easy to identify visually. 
Injection of 250 pg of serotonin intra- 
muscularly 10 minutes before the experi- 
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ment did not, in itself, cause pilocrection 
and completely suppressed the piloerec- 
tor response to all three forms of test 
stimulation. One hundred micrograms of 
the antiadrenergic compound dibenzy- 
line, when injected intramuscularly, also 
blocked piloerection, but mecholyl was 
ineffective. 

Lysis of small vessel tone. The local 
effect of serotonin upon foreleg small 
vessel resistance was studied in dogs an- 
esthetized with pentobarbital (5, 6). A 
blood pump interposed between the 
femoral and brachial arteries maintained 
foreleg blood flow at a constant rate. 
Pressures were measured simultaneously, 
with transducers, in the brachial artery 
distal to the pump, in a footpad small 
artery, a paw small vein, and the cephalic 
vein. Large artery, small vessel (mainly 
arteriolar), and large vein resistances 
were separately calculated. In 32 prepa- 
rations, small vessel neurogenic tone was 
varied by bilateral vagotomy, foreleg 
nerve section, and the administration of 
phentolamine. The administration of 4.5 
ug of serotonin per minute, by constant 
infusion, or of 1.0 wg by instantaneous in- 
jection, into the brachial artery decreased 
small vessel resistance at all levels of 
tone. The decrement was proportional to 
the initial level of tone (Fig. 1). In seven 
other large dogs, after foreleg nerve sec- 
tion, increases in small vessel tone were 
induced by the infusion of 0.25 to 5.0 ug 
of noradrenaline per minute into the 
brachial artery. Infusion of 4.5 to 9.0 
ug of serotonin during the noradrenaline 
infusion decreased elevated small vessel 
tone in these animals as well. 

Inhibition of noradrenaline-induced 
bradycardia. Continuous heart rate meas- 
urements were obtained on pentobarbi- 
tal-anesthetized dogs given an _ instan- 
taneous intravenous injection of 10 ug 
of noradrenaline before and during an 
intravenous infusion of 300 1g of sero- 
tonin per minute. 

Noradrenaline, when injected alone, 
decreased the heart rate during the first 
15 seconds by an average of 15 percent. 
When it was administered during sero- 
tonin infusion, noradrenaline increased 
the heart rate by an average of 15 per- 
cent. We have also noted that the tachy- 
cardia induced by decreasing the intra- 
luminal pressure of the carotid sinus is 
abolished during serotonin infusion. 
These results are similar to the findings 





of Heymans (7) that serotonin, when 
painted on the carotid sinus, abolishes 
the sensitivity of the sinus to pressure 
changes. Since norepinephrine-induced 
bradycardia is dependent on the carotid 
sinus reflex and since the denervatcd 
heart responds to norepinephrine with 
tachycardia (8), our results are inter- 
preted to mean that serotonin antagon- 
izes the action of norepinephrine upon 
the carotid sinus. 

Our observations that serotonin an- 
tagonizes the effects of noradrenaline on 
four different in vivo test systems suggest 
strongly that a biological role of sero- 
tonin lies in its interaction with the 
adrenalines. In vitro studies showing that 
the adrenalines inhibit serotonin-induced 
contraction of rat uterine smooth muscle 
(9) permit a similar conclusion. Such 
work emphasizes the negative aspects of 
the interaction. However, Thomas (/0) 
has presented evidence for positive in- 
teraction, noting that serotonin enhances 
skin necrosis due to adrenaline, and 
Zweifach (11) has described a biphasic 
influence of serotonin on the response to 
adrenaline in the blood vessels of the 
rat mesoappendix. 

The mechanisms involved in the in- 
teraction of these hormones are not clear. 
The hormones may interact at an organ 
level through interrelated physiological 
systems, or perhaps at a molecular leve!. 
If the latter occurs, it may be possible to 
reconcile the above conflicting findings. 
The in vitro observations of Furchgott 
(12) suggest that serotonin and the 
adrenalines can compete for biological 
action sites; thus inhibition might be ac- 
counted for on a competitive basis. On 
the other hand, serotonin and the adren- 
alines are catabolized by monoamine oxi- 
dase (13) and ceruloplasmin (14); com- 
petition for the destructive enzymes 
might account for potentiation. 

Two of our test systems deal with 
aspects of the cardiovascular system. 
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Fig. 1. Serotonin depression of limb small 
vessel resistance at varying initial levels 
of neurogenic tone. Serotonin was infused 
into the brachial artery at the rate of 4.5 
ug/min. Thirty-five tests in 22 animals. 
Initial tone levels were spontaneous or ex- 
perimentally modified by nerve section 
high in the limb. Measurements were 
steady-state. 
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Serotonin antagonism of the effects of 
noradrenaline may explain certain of the 
unusual cardiovascular actions of the 
former compound. Thus, intravenous 
serotonin is reported to cause systemic 
hypotension in neurogenic hypertensive 
animals and hypertension in neurogenic 
hypotensive animals (15). Similarly, in 
the perfused dog limb, serotonin in- 
creases the net resistance across the ves- 
sels in limbs with low neurogenic vessel 
tone and decreases resistance when the 
initial tone is high (6, 16). Apparently, 
in these preparations, the direction of 
systemic pressure and peripheral resist- 
ance responses to serotonin depends, at 
least in part, upon initial neurogenic 
tone. 

The reason for this tone dependence 
in the dog forelimb has been demon- 
strated to lie in the differing responses 
of small and large vessel segments to 
serotonin. Serotonin constricts the large 
arteries and veins and dilates small ves- 
sels (5, 6). The magnitude of constric- 
tion in large vessels is largely indepen- 
dent of the initial tone, whereas the 
dilatation in small vessels is directly pro- 
portional to the level of initial neuro- 
genic tone. The addition of a fixed, large- 
vessel constriction to a small vessel dila- 
tation which increases with increasing 
tone results in a total resistance change 
which may be dilator or constrictor, de- 
pending upon the initial neurogenic tonic 
input to the small vessels. 

The tone of small vessels is in part 
related to the concentration of noradren- 
aline at the nerve endings surrounding 
them. We suggest that serotonin may de- 
crease small vessel tone through its ca- 
pacity to antagonize the vasoconstrictor 
activity of noradrenaline on the small 
vessels. The diverse effects of serotonin 
upon total resistance changes in the per- 
fused dog limb and upon systemic blood 
pressure can be explained similarly. 

Serotonin and noradrenaline are lo- 
cated in the same areas of the central 
nervous system (17). Noradrenaline de- 
pletion (4, /8) and the release of bound 
serotonin (/9) from the brain stem have 
both been suggested as mechanisms for 
reserpine tranquilization. Extension of 
noradrenaline-serotonin antagonism to 
a hypothetical critical area in the cen- 
tral nervous system allows reconcilia- 
tion of the divergent hypotheses. Thus a 
functional norepinephrine deficiency 
might result at such a site if the action 
of available norepinephrine were in- 
hibited by increases in free serotonin 
(20). 

Paut Gorpon 

Francis J. Happy 

Morris A, Lipton 
Veterans Administration Research 
Hospital, Chicago, Illinois, and 
Departments of Pharmacology, 
Physiology, and Medicine, Northwestern 
University Medical School, Chicago 
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Auxin Action on Coleoptiles 
in the Presence of 
Nitrogen and at Low Temperature 


Coleoptile elongation is thought to be 
influenced by the plasticity of the pec- 
tic matrix of the cell walls. It is also 
thought that methylation of pectin in- 
creases the wall plasticity by reducing 
the number of carboxyl groups which 
may be cross-linked by divalent cations. 
The balance between methylation by 
methyl transfer reactions and demethyla- 
tion by pectin methylesterase (PME) 
controls the methyl content of pectin. 
Pectin methylesterase activity in the cell 
wall is probably reduced by the auxin- 
mediated binding of the enzyme dem- 
onstrated by Glasziou (/). Under con- 
ditions of active methylation, reduced 
PME activity would allow an increase in 
the total methyl content of pectin by re- 
ducing hydrolysis of methyl groups. This 
hypothesis accounts for the effects of 
auxin on methylation (2) and cell ex- 
pansion. Since auxin-mediated binding 
of PME is thought to be an adsorption 
reaction (/) it is likely to be insensitive 
to metabolic conditions. It is also likely 
that PME activity is less sensitive to 


metabolic conditions than pectin meth- 
ylation. The sensitivity of auxin-induced 
expansion to metabolic control may thus 
reflect the greater metabolic sensitivity 
of the methylation process. The results 
presented in this report are consistent 
with the above interpretation. 

Dark grown wheat coleoptiles (var. 
Federation) were selected for uniformity 
of length (+0.1 cm) in the range 3.0 to 
3.7 cm approximately 95 hours after 
sowing. Sections 2.2 cm in length were 
cut 3 mm behind the apex, the primary 
leaf was removed, and the sections were 
washed in aerated distilled water for 1 
to 2 hours prior to treatment. The cole- 
optiles were treated for 90 minutes in a 
basal medium of distilled water or 0.02 
molar calcium chloride in the presence 
or absence of 10 mg/liter of unbuffered 
B-indolylacetic acid (IAA). Each treat- 
ment was also carried out in nitrogen or 
at 2° to 3°C after prior equilibration 
of the solutions to these conditions and 
after prior washing of the sections for at 
least 10 minutes in distilled water equili- 
brated to either nitrogen or low tempera- 
ture. After treatment, the sections were 
trimmed to 2 cm, and deformation under 
a constant load of 300 mg for 15 min- 
utes was measured (3). All manipula- 
tions and deformation measurements for 
the nitrogen treatments were carried out 
in an atmosphere of nitrogen in a Per- 
spex box fitted with Polythene sleeves. A 
refrigerated, constant-temperature room 
was used for the low-temperature treat- 
ments, manipulations, and measure- 
ments. Coleoptile expansion during each 
treatment was determined on ten l-cm 
sections. A basal medium of calcium 
chloride solution was used to prevent ex- 
pansion during treatment in air at 25°C. 
With turgid material which had not un- 
dergone differential expansion, changes 
in deformability were taken to reflect 
changes in wall properties. 

Significant coleoptile expansion oc- 
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Table 1. Effect of treatment with IAA, in the presence of nitrogen or at low temperature 
in basal media of distilled water or calcium chloride, on deformation of wheat coleoptile 
sections. Each result is the mean of the deformations of ten sections per treatment. Differ- 
ences between means were taken as significant at the 5-percent level. 





Mean total angle of deformation (deg) 
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Expt. Basal Before Sts 
No. medium eet- Basal Basal Basal Basal Basal Basal 
ment ; 7 ; medium : medium 
25°C) medium medium medium 3 medium at 3°C 
( alone +IAA +Ne jraq at3°C 4 ry4 
1 Distilled water 25 27 40 11 23 
2 Distilled water 23 25 38 18 26 
k 0.02M CaCl: 1S 12 16 6 14 
4 0.02M CaCl, 32 12 17 8 16 





curred only in water or water. plus 
auxin, Deformation data from four rep- 
resentative experiments are shown in 
Table 1. Treatment with calcium chlo- 
ride solution caused a significant stiffen- 
ing of the sections compared with the 
initial values. In both basal media de- 
formation of auxin-treated coleoptiles 
was significantly greater than that of sec- 
tions treated in the absence of auxin. 
The deformation of coleoptiles treated in 
nitrogen or at 3°C in a basal medium 
of calcium chloride solution was signifi- 
cantly less than the deformation of cole- 
optiles treated in the basal medium 
alone, Nitrogen also caused a significant 
stiffening of sections treated in a basal 
medium of distilled water. The defor- 
mation of coleoptiles treated in nitrogen 
or at 3°C in the presence of auxin was 
significantly greater than the deforma- 
tion of such tissue treated in the absence 
of auxin and was not significantly dif- 
ferent from that of coleoptiles treated in 
basal media alone. 

The effect of auxin in reducing wall 
stiffening in nitrogen and at low tem- 
perature suggests an action of auxin 
which is independent of these conditions, 
which reduce metabolic activity. The in- 
creased wall plasticity and cell expansion 
which result from auxin action are, how- 
ever, metabolically dependent. Changes 
in cell-wall plasticity under different 
conditions may be interpreted in terms 
of pectin methylation and demethyla- 
tion reactions, as is illustrated in Fig .1. 

The activity of PME is insensitive to 
a large number of inhibitors (4), and 
pectin demethylation may occur inde- 
pendently of metabolic conditions. Be- 
cause of a requirement for adenosine 
triphosphate, methylation is sensitive to 
metabolic conditions. A greater sensi- 
tivity of methylation compared with de- 
methylation would result in a decrease 
in the methyl content of pectin in the 
presence of nitrogen or at low tempera- 
ture. The increased number of carboxyl 
groups available for divalent cation bind- 
ing would result in the observed wall 
stiffening under such conditions. 
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The effect of auxin in reducing wall 
stiffening at low temperature or in nitro- 
gen may be due to an action of auxin 
which reduces the rate of demethylation 
and thus conserves the methyl content 
of pectin. The metabolic insensitivity of 
the action of auxin which conserves wall 
plasticity is consistent with Glasziou’s 
hypothesis of an auxin-mediated adsorp- 
tion reaction which reduces pectin de- 
methylation by reducing PME activity. 

It is suggested that the metabolic sen- 
sitivity of auxin-induced wall plasticiza- 
tion and cell expansion reflects the sen- 
sitivity of the methyl incorporation into 
pectin and that an auxin action which 
conserves wall plasticity is independent 
of metabolic conditions (5). 

Donatp ADAMSON 
HEATHER ADAMSON 

Plant Physiology Unit, Botany School, 
University of Sydney, Sydney, Australia 
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Separation of Tobacco Leaf 
Proteins by Centrifugation 
across a Density Boundary 


Studies by Wildman and coworkers 
(1) have shown that two major protein 
fractions are present in green tobacco 
leaves. The two fractions, I and II, are 
characterized by sedimentation constants 
of about 19 and 4 Svedberg units, respec- 
tively. Attempts to isolate the fractions 
have not been wholly successful. A par- 
tial resolution can be obtained by salt 


precipitation (2), and fairly pure frac- 
tion I has been obtained by repeated 
ultracentrifugation, but in very low yield 
and in a highly aggregated form (3). 
This report (4) describes a simple proce- 
dure for separating the two fractions by 
ultracentrifugation across a density boun- 
dary (5). 

In principle, a stable boundary is 
formed by layering a tobacco extract 
over a_ buffer-salt solution of greater 
density. In view of the difference in the 
sedimentation constants of the two frac- 
tions, it is then possible to choose cen- 
trifugation conditions such that the faster 
moving fraction I is completely sedi- 
mented, whereas the more slowly sedi- 
menting fraction II moves only a short 
distance below the initial boundary. 
After centrifugation the upper portion of 
the tube should contain only fraction II, 
and fraction I should be concentrated 
in the pellet. The middle portion—that 
is, the region from the initial boundary 
to that just above the pellet—should con- 
tain some fraction II and probably some 
fraction I because of convection. The 
procedure and the results obtained in an 
actual separation run are described be- 
low. 

The laminar portion of a sample of 
mature Burley tobacco leaves was lyo- 
philized to a moisture content of 7.66 
percent and ground in a Wiley mill. An 
extract was prepared by grinding 0.3 g 
of the tissue with 10 ml of 0.2M potas- 
sium maleate buffer, pH 7.5, in a Ten 
Broeck homogenizer. The buffer con- 
tained 0.2 g of Na,S,O, per liter as a 
color inhibitor, and the extract was 
maintained at about 7°C throughout the 
grinding and subsequent manipulations. 
Seven such extracts were pooled, and cell 
debris and other insoluble material were 
removed by centrifugation in a Spinco C 
rotor at 42,040 rev/min (av. 130,000 g) 
for 1 hour. A thin, oily, green layer at 
the surface of the liquid was removed by 
slicing off the upper portion of the Lus- 
teroid tubes with a Spinco tube slicer; 
the faintly hazy supernatant fluid was 
then filtered through a 0.5-" Millipore 
filter (6) to remove the suspended par- 
ticulate matter. This clarified extract was 
clear and light brown in color and con- 
tained 0.85 mg of N per milliliter, which 
constituted approximately 69 percent of 
the total nitrogen of the original sample. 
A portion of the filtrate was mechani- 
cally dialyzed for 6 hours against three 
portions (two changes) of extraction 
buffer (without Na,S,O,) and then 
analyzed for total nitrogen and examined 
in the ultracentrifuge. 

For the separation run, seven tubes 
were prepared. Four milliliters of the 
clarified extract were added to each tube. 
A syringe, filled with extraction buffer, 
which was also 0.2M in K,SO,, was 
carefully inserted so that the tip of the 
needle was close to the bottom of the 
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tube, and 5 ml of this denser solution 
was then slowly injected below the ex- 
tract. A sharp and relatively stable boun- 
dary was thus formed between the col- 
ored extract and the colorless buffer-salt 
solution. Centrifugation was carried out 
in a Spinco C rotor at 42,040 rev/min 


Table 1. Ultracentrifugal and analytical 
data for an extract of green Burley tobacco 
and for various fractions obtained after 
separation ultracentrifugation. To facili- 
tate comparison of the data, peak areas 
and nitrogen values are all expressed in 
terms of 4 ml of the clarified extract. 








Determination 
; * Fr. I Fr. II 
Solution ¥ area area 
(m 4 (cm?) (cm*) 


Clarified extract, 
before separa- 


tion run 2:06, 216; S40 
Fractions, after 
separation run: 
Top 4 ml 0.94 46.0 


Middle 4 ml 
Lower 1 ml 
plus pellet 
Pellet only, 
after separa- 
tion run 0.21 8:2 0.8 


0.47 4.4 8.4 


0.60 10.6 2.6 








Fig. 1. Schlieren patterns of tobacco ex- 
tracts to illustrate separation of protein 
fractions by centrifugation across a density 
boundary. Sedimentation is from left to 
right; the faster-moving component is 
fraction I. A, clarified extract before sepa- 
ration run, showing both fractions I and 
II; B, top 4 ml from separation run, pure 
fraction II; C, middle 4 ml from separa- 
tion run, showing traces of both compo- 
nents; D, lower 1 ml of tube plus pellet 
(solution diluted 1:1 with maleate buffer), 
primarily fraction I. Patterns photo- 
graphed at 35° bar angle and 8 minutes 
after the rotor had reached speed (50, 740 
rev/min). Runs were made in a synthetic 
boundary cell (see 5) at 25° + 9.4°C. 
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for 6 hours at 7°C. The color boundary, 
which appears to be associated with the 
movement of fraction II, is blurred 
somewhat during the centrifugation. By 
means of the tube slicer, five of the tubes 
were sampled as follows, and the corre- 
sponding fractions were pooled: top 4 
ml, middle 4 ml, and lower 1 ml plus 
pellet. An additional 1 ml of buffer was 
used to rinse the lower portion of each 
tube, so that the total volume of the 
pellet solution was 10 ml. The solutions 
were dialyzed against maleate buffer as 
indicated above, and the pellet solution 
was subsequently centrifuged at 25,000 g 
for 30 minutes at 7°C to remove a small 
amount of insoluble green material. The 
two remaining tubes from the separation 
run were used to examine the composi- 
tion of the pellet itself. The supernatant 
fluid was simply decanted, and the pel- 
lets were dissolved in a total of 8 ml of 
maleate buffer. The resulting solution 
was then dialyzed, and the insoluble 
green matter was removed as described 
above. All solutions were analyzed for 
total nitrogen and examined in the ultra- 
centrifuge. 

Sedimentation patterns obtained for 
the clarified extract and for solutions 
from the separation run are shown in 
Fig. 1. Analytical data, including that for 
the pellet only, are summarized in Table 
1. Peak areas, which are proportional to 
the concentration of the sedimenting 
components, and sedimentation constants 
were evaluated from enlarged tracings 
of the solution and base-line patterns. 
The areas were corrected for the dilution 
effect, but Johnston-Ogston corrections 
(7) were not made. The average sedi- 
mentation constants determined for frac- 
tions I and II were 17 and 3 Svedberg 
units, respectively. 

Analysis of the data shows that the 
over-all recovery of nitrogen from the 
clarified extract is 97 percent. The re- 
coveries of fractions I and II, calculated 
from the peak area measurements, are 
70 and 105 percent, respectively. The 
lower apparent recovery of fraction I is 
believed to be associated primarily with 
the uncertainty entailed in estimating 
the precise volume of the “lower 1 ml” 
when the tube-slicer technique is utilized. 
It is also apparent that a major portion 
of fraction I is suspended in the solution 
which bathes the pellet and that the frac- 
tion I in this solution is not entirely free 
of fraction II. These factors may be ac- 
counted for in terms of sedimentation 
theory for angle-tube centrifugation and 
could probably be eliminated or mini- 
mized appreciably by the use of a 
swinging bucket rotor to provide purely 
horizontal centrifugation. 

This relatively simple procedure, with 
variations, has been carried out many 
times. The yields of both fractions have 
been uniformly high, and the prepara- 
tions of fraction I have been essentially 








colorless and have been characterized by 
little or no aggregation (see'Fig. 1 D), 
While the present application has been 
confined to the proteins of green tobacco, 
the method should be generally applica- 
ble to the separation of other mixtures 
containing macromolecular constituents 
whose sedimentation constants vary ap- 
preciably. 
Donatp F, Koenic* 
James K. PaLMer 
Cart J. Likes 
Virginia Institute for 
Scientific Research, Richmond 
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Identification of Growth- 
Promoting a-Hydroxy Fatty Acids 
Produced by Lactobacillus casei 


It was reported in an earlier communi- 
cation from this laboratory that practi- 
cally all of the growth-promoting actiy- 
ity in extracts of Lactobacillus casei 
7469 culture filtrates, as measured with 
L. casei 280-16A (a p-o-hydroxy fatty 
acid-dependent strain), was associated 
not with lactic acid but with a more lipo- 
philic substance considered likely to be a 
higher homolog of lactic acid (/). A 
more rigorous fractionation of such ex- 
tracts in the present investigation (2) has 
now revealed that they contain at least 
three growth-promoting acids, two of 
which appear to be identical with p-«- 
hydroxyisovaleric and p-o-hydroxyisoca- 
proic acids, respectively. 

Lactobacillus casei 7469 was incubated 
at 35°C for 24 to 96 hours, and the re- 
sulting cultures were clarified by passage 
through a Sharples supercentrifuge. Hy- 
drochloric acid was added (180 meq/ 
liter) to the essentially cell-free solutions, 
and the acidified media were subjected 
to continuous liquid-liquid extraction 
with isopropyl ether. The extracted ma- 
terial from each culture was fractionated 
by a 200-transfer countercurrent distri- 
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bution between isopropyl ether and 1N 
hydrochloric acid in a 100-cell Craig- 
Post apparatus (3), and the distribution 
of organic acids was followed by titrat- 
ing the material in aliquots of the ether 
phase with 0.02N sodium hydroxide. 
Growth-promoting activity was deter- 
mined by microbiological assay of the 
titrated samples with L. casei 280-16A. 
The fraction with the highest micro- 
biological activity was that represented 
by distribution peak D, Fig. 1. It had 
approximately twice the growth-promot- 
ing activity of p-lactic acid and appeared 
to consist of a single component, which 
was isolated both as its barium salt and 
as the free acid. The empirical formulae, 
C,H,.O, for the free acid (4) and 
(C,H,,O,) Ba for the salt (5), were sug- 
gested by the results of microchemical 
analyses (4, 5), and the corresponding 
a-hydroxy fatty acid structure, C,H, - 
CHOH- COOH, seemed likely from 
the pH Y2 value, 3.8 (6), and from 
previous correlations between structure 
and growth-promoting activity (7). 
The five possible racemic (8) acids 
which fit these formulae are pL-a-hydroxy- 
isocaproic acid, pDL-a-hydroxy-n-caproic 


acid, DL-&-hydroxy-pt-}-methylvaleric 
acid, p1L-a-hydroxy-p’L’-B-methylvaleric 
acid, and _ pt-a-hydroxy-6,6’-dimethyl- 


butyric acid. The isolated acid was read- 
ily distinguishable from the last four of 
these by marked differences in their in- 
frared absorption spectra. It was indis- 
tinguishable from pL-a-hydroxyisocaproic 
acid on this basis and appeared, there- 
fore, to be identical with the latter com- 
pound (see spectra 1 and 2, Fig. 2). It 
was estimated from the results of semi- 
quantitative experiments that p1L-a-hy- 
droxyisocaproic acid constituted approxi- 
mately 0.2 to 0.3 percent of the total 
acids produced by L. casei 7469. Only 
the p-moiety of the racemic acid may be 
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Fig. 2. Infrared absorption spectra of 
potassium bromide pellet preparations 
containing barium salts of synthetic 
a-hydroxyisocaproic acid (curve 1), a-hy- 
droxyisocaproic acid from L. casei culture 
(curve 2), synthetic o-hydroxyisovaleric 
acid (curve 3), and a-hydroxyisovaleric 
acid from L. casei culture (curve 4). 
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acids from a clarified 24-hour culture of 
L. casei 7469 in a 200-transfer experi- 
ment. The solvent system consisted of 
isopropyl ether and 1N hydrochloric acid. 
Values on the vertical scale represent mil- 
liliters of 0.02N sodium hydroxide re- 
quired to titrate the acids in 5-ml aliquots 
of the ether phase solutions (note change 
of scale at the 0.5-ml level). Numbers on 
the left horizontal scale designate the 
cells corresponding to the titrated samples 
(removed after 200 transfers). Titration 
values represented on the right side of the 
figure correspond to samples withdrawn 
from cell 99 after the designated number 
(right horizontal scale) of transfers. Dis- 
tribution peaks A through E correspond 
to lactic acid, acetic acid (plus unidenti- 
fied material), o-hydroxyisovaleric acid, 
a-hydroxyisocaproic acid, and an uniden- 
tified (presumably o-hydroxy fatty acid) 
fraction, respectively (see text). 


considered to be a growth-promoting 
product, for the results of earlier studies 
have indicated that L-a-hydroxyisocaproic 
acid probably does not support growth 
of the test organism (7). 

The second best growth-promoting 
fraction (approximately one-third as ac- 
tive as D-lactic acid in this respect) was 
that represented by distribution peak C, 
Fig. 1. It appeared to consist of a single 
component, which was identified as 
a-hydroxyisovaleric acid by the same 
procedures as those employed with the 
a-hydroxyisocaproic acid fraction. The 
isolated a-hydroxyisovaleric acid was 
readily distinguishable from a-hydroxy- 
n-valeric acid by marked differences in 
their infrared absorption spectra, but it 
was indistinguishable from synthetic 
a-hydroxyisovaleric acid on this basis 
(see spectra 3 and 4, Fig. 2). Isopropyl 
ether solutions of this fraction (concen- 
trates taken directly from the counter- 
current extraction apparatus) were dis- 
tinctly dextrorotatory, and the isolated 
barium salt was levorotatory ([a]3= 
-4°, 1 percent aqueous solution). The 
[a@]p of purified barium 1-a-hydroxyiso- 
valerate (1 percent aqueous solution, 25 
to 27°C) is reportedly —10.1° (9), and 
on this basis the L. casei product was 
estimated to consist of approximately 70 
percent t- and 30 percent p-o-hydroxy- 
isovaleric acids. 1-a-Hydroxyisovaleric 








acid does not appear to promote growth 
of the test organism (7), and the pre- 
ponderance of this enantiomorph in the 
a-hydroxyisovaleric acid fraction was as- 
sumed, therefore, to account for the lat- 
ter’s relatively low growth-promoting 
activity (approximately one-third that of 
D-lactic acid). t- and p-a-hydroxyiso- 
valeric acids appeared to constitute ap- 
proximately 0.1 to 0.2 percent of the 
total acids produced by L. casei 7469. 

The acids represented by distribution 
peak E, Fig. 1, did not appear to be 
homogeneous but had distinct growth- 
promoting activity (approximately one- 
fourth that of p-lactic acid) and yielded 
an average pH % value of 3.8. It 
seemed quite likely, therefore, that this 
fraction contained at least one addi- 
tional p-a-hydroxy fatty acid. This frac- 
tion and those represented by distribution 
peaks A (lactic acid) and B (acetic acid 
plus unidentified components) are under 
further investigation (10). 

The functions of p-a-hydroxy fatty 
acids in L. casei are far from clear. Our 
present working hypothesis is that they 
are metabolic precursors of cerebrosides 
since the latter from both mammalian 
and microbial sources are conspicuous 
for their content of 22-26 carbon p-a- 
hydroxy fatty acids (7). Whether the 
p-a-hydroxyisovaleric and p-a-hydroxy- 
isocaproic acids produced by L. casei are 
concerned in vital metabolic processes 
of this nature or whether they are merely 
accidental by-products of amino acid 
metabolism (theoretically derivable from 
valine and leucine, respectively) appear 
to be important questions, which we hope 
may be resolved by the experimentation 
now in progress. 

Merrity N. CaMien 
AuprEE V, FowLER 
Max S. Dunn 
Chemical Laboratory, 
University of California, Los Angeles 
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Daily Rhythms in Male 
Harvester and Argentine Ants 


The nuptial flights of various species 
of ants occur at characteristic times—for 
example, in a species of Myrmica, early 
morning; of Lasius, late afternoon (J); 
of Eciton, night (2). To gain a better 
understanding of such field observations, 
male and female harvester ants [Vero- 
messor andrei (Mayr)] and male Argen- 
tine ants [Iridomyrmex humilis (Mayr) ] 
(3) were studied in a constant-tempera- 
ture room in alternating light and dark 
(4). Under these conditions, as is shown 
below, the males of both species exhib- 
ited a sharp daily activity peak, but at 
opposite ends of the light period. 

The V eromessor females were obtained 
at a nest entrance on 26 July and kept 
until September with workers under 
room conditions (about 19° to 26°C). 
The males were collected at the en- 
trance of the same nest on 13 September 
and kept by themselves. 
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Fig. 1. Comparative activity patterns 


under alternating light and dark. Iri- 
domyrmex: number out at time observed 
(mean of two counts 1 minute apart) ; 
Veromessor: half-time tunnel count per 
hour. 
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To obtain automatic activity samples, 
a circular “race track” was used. Two 
lots of ten males and two lots of ten 
females were placed in tiny chambers 
of clear plastic. Cotton-plugged test tubes 
of water and of sugar water projected 
down through the roof of each chamber; 
no other food or moisture was supplied. 
A transparent tube circled from one exit 
from the chamber back to the other, 
narrowing midway between to form the 
lining of a polystyrene tunnel. An ant 
passing through the tunnel, and thus be- 
tween “sensitive” and “ground” screws, 
triggered a capacity-operated relay. In 
another room the total number of passes 
was recorded on a digital counter which 
was photographed each hour. 

Since there were only two such relays 
available, a motor-driven cam device was 
used with each to alternate the contacts 
between two tunnels, so that a group of 
males were counted for half a minute, 
then females, and so forth. Thus each 
machine made a half-time count for 
each sex (5). 

To simulate the darkness of the nor- 
mal nest, the entire chamber was cov- 
ered by an orange Plexiglas box (6). 
The circular “track” was left fully ex- 
posed to the light. 

The counts of Iridomyrmex males, on 
the other hand, were made on a com- 
plete colony, consisting of nest queens, 
numerous workers and young, and about 
14 males. The nest had been under labo- 
ratory conditions for over a year. Two 
adjacent plaster units opened onto a 
common board, which had legs set in 
DDT (7). The microscope-slide roof of 
each unit was overlapped with orange 
Plexiglas (6). Water and sugar water 
were continuously available in tubes sus- 
pended from a post set on the board (7). 
Solid food was provided, and the plaster 
was moistened, at irregular (though re- 
corded) times; this had no observable 
effect on the rhythm. The males came 
out and wandered over the units or near 
them. Their wings made them easy to 
spot, and the total out at any given time 
was counted by eye. 

Both species were kept on the same 
table in a darkroom at 25.4°+0.4°C. 
A 40-watt fluorescent light, automati- 
cally turned on at 6 A.M. and off at 8 
P.M., provided an intensity of about: 50 
ft-ca. Two 40-watt clear ruby darkroom 
lights (two feet from the ants) were on 
continuously. Mechanical disturbance 
was minimized by sponge-rubber pads. 

Figure 1 shows the simultaneously re- 
corded activity patterns from 30 Sep- 
tember to 3 October 1957, after the ants 
had been under the experimental condi- 
tions for several days. The replicate pat- 
tern of Veromessor males was similar to 

the one shown. Both female counts are 
given because of their greater variability. 
In fact, the activity patterns of the fe- 
males are of interest, under these par- 





ticular conditions, principally because of 
their lack of well-marked peaks, by con- 
trast with the males. 

The activity peak of Veromessor males 
occurred the first hour of each light 
period and was preceded consistently by 
a rise the last hour of the dark, with 
relative quiet the rest of the time (8), 
The Iridomyrmex males, on the other 
hand, were out of the nest during the 
last 2 hours of the light period only. 
The increases in activity before the 
changes in lighting suggest endogenous 
control of the rhythms. Further evi- 
dences for such an internal “clock” (9) 
in both species studied here were (/0): 
(i) persistence of rhythm in constant 
darkness (that is, red light), though the 
Veromessor peak averaged 0.5 to 1 hour 
later each day, and (ii) a shift of phase 
following a single 5 p.M.—5 a.m. light 
period. 

Veromessor mating flights occur lo- 
cally early in the morning (10), thus 


suggesting the significance of the labora- . 


tory activity peaks. A species-character- 
istic light-phase relationship would seem 
valuable in synchronizing the nuptial 
flights of colonies of the same species, 
However, simple environmental response 
to the dawn might be insufficient, unless 
the ants were near enough to the surface 
at the right time. Endogenous control 
could bring them to the entry in time 
for the dawn. Their clocks could be 
“set” when the winged ants emerge on 
nonflight days, as do Veromessor (and 
other ants—for example, see 1, //). 
Such inherent control was postulated 
for worker leaf-cutting ants which were 
in the nest entry 1 hour before dawn, 
though even artificial light would not 
bring them up earlier (/2). Similarly, 
bees trained to forage at a certain time 
may remain in a remote part of the hive 
until shortly before that time (/3). 

The value of the clocklike emergence 
of Iridomyrmex males is more difficult 
to explain, since mating takes place 
within the nest (7, 14). If a general 
male-and-female flight ever occurs, the 
results reported here would suggest the 
end of the day as the time. Perhaps the 
exit rhythm is a vestige of such a flight. 
The males sometimes fly, and they are 
found at artificial lights (7, 1/4). If 
the males normally fly before mating, a 
clock with the phase relationship noted 
could bring them out when late after- 
noon and night remain for encountering 
another nest or column of workers, be- 
fore it again becomes too hot or dry for 
survival. In certain army ant species, 
where the virgin queens are wingless, 
some of the males, after their night 
flights, find their way into other col- 
onies (2). 

E:woop S. McC.uskey* 

Department of Biological Sciences, 
Stanford University, 
Stanford, California 
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New Metabolites of Serotonin 
in Carcinoid Urine 


5-Hydroxyindoleacetic acid, the only 
metabolite of serotonin so far identified, 
represents less than 20 percent of an 
exogenous dose of serotonin (1). The 
reported presence of other unidentified 
indole derivatives in carcinoid urines 
(2) and rat liver perfusates (3), how- 
ever, is indicative that metabolic reac- 
tions other than deamination occur. Sug- 
gestive evidence has also been presented 
that free serotonin is present in normal 
urine (4). Now it has been found that 
carcinoid urine is muc” more oxytocic 
than normal urine (personal observa- 
tion) and it was thought that, if in ‘this 
syndrome there was an increase in the 
excretion of the known metabolite, there 
would also be an increase in the un- 
known metabolites. 

By an adaptation of the method de- 
scribed by Bumpus and Page (4), the 
indoles were extracted from 3 gal of 
carcinoid urine from one patient which 
contained 350 mg of 5-hydroxyindole- 
acetic acid as assayed by the method of 
Udenfriend, Titus, and Weissbach (5). 
Removal of excess urea and a partial 
fractionation of indoles was accom- 
plished by using a cellulose column and 
a single phase solvent of n-propanol/ 
ammonia. 

Paper chromatography of the concen- 
trated extracts and fractions revealed the 
presence of six indole derivatives. Five 
of these were identified by means of 
paper chromatography in three solvents, 
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Table 1. Rr values, oxytocic activity, and fluorescent spectra of metabolites of serotonin 


and the normally occurring urinary indican. 





Rr in solvent* 


Fluorescent spectra 











Didlnias (mp) 
. xytocic a 
Metabolite activity Activa.  Fluo- 
A B Cc tion rescent pH 

(max.) (max.) 
Serotonin creatinine sulphate 0.48 0.64 0.86 +++ 295 540 ~ 2 
5-Hydroxyindoleacetic acid 0.15 0.80 0.03 300 355 7 
5-Hydroxyindoleaceturic acid 0.23 0.84 
N-acetyl serotonin 0.75 0.81 0.86 + 310 370 7 
Indican 0.40 0.43 0.56 300 400 7 








* Blue spots were obtained when sprayed with p-dimethylaminobenzaldehyde in 1.5N HCl. Solvent systems 
used: A, propan-l-ol saturated with ammonia; B, n butanol-acetic acid—water (4:1:5); C, ethyl methyl 


ketone—2N ammonia (2:1). 


+ Oxytocic activity was determined on an eoestrus rat uterus. Activity was antagonized by brom-lysergic 


acid diethylamide. 


¢ Fluorescent spectra were determined with an Aminco Bowman spectrophotofluorometer. 


oxytocic activity, and fluorescent spectra 
(see Table 1). One of these proved to be 
the normally occurring urinary indican, 
but the other four—5-hydroxyindoleace- 
tic acid, 5-hydroxyindoleaceturic acid, 
5-hydroxytryptamine and N-acetyl 5-hy- 
droxytryptamine—were evidently metab- 
olites by serotonin. The 5-hydroxyindole- 
aceturic acid was further characterized 
by enzymic hydrolysis of an eluate with 
chymotrypsin, to yield 5-hydroxyindole- 
acetic acid and glycine. 

The metabolism of endogenous sero- 
tonin in carcinoid patients therefore ap- 
pears to be very similar to that of exo- 
genous serotonin in experimental ani- 
mals which we have studied (6). Auto- 
radiographs obtained from urinary ex- 
tracts of rats and rabbits given radioac- 
tive serotonin have shown the presence 
of the same four metabolites with the 
addition of two other minor metabolites. 
One of these has been identified as the 
glucuronide of serotonin since it gave a 
positive indole test but did not give a 
blue color with 2:6 dichloroquinone- 
chloroimide, indicating that the hydroxyl 
group was not free. An eluate of this 
compound gave a positive naphthore- 
sorcinol reaction, confirming that it was 
an ether glucuronide. Quantitative esti- 
mations of glucuronic acid and ethereal 
sulfate excretion after administration of 
serotonin have also shown that some con- 
jugation does take place. 

Oxidation of serotonin in vivo is a 
theoretical possibility, and it was thought 
that the other minor metabolite might 
represent the product of such a reaction, 
though so far no definite experimental 
confirmation has been obtained since it 
is present in such small quantities. 

No evidence has been found in these 
experiments to suggest that methylation 
of serotonin. might occur. 

The normal metabolic fate of sero- 
tonin therefore appears to be (i) deami- 
nation to 5-hydroxyindoleacetic acid 
with (ii) some subsequent glycine con- 
jugation to form the aceturic acid, (iii) 


N-acetylation, (iv) conjugation with glu- 
curonic acid, (v) excretion unchanged 
and (vi) possible oxidation. 
Preliminary studies have shown that, 
although great amounts of serotonin are 
metabolized by carcinoid patients, there 
appears to be no qualitative difference 
from the normal mode of metabolism. 
WiiuiaM M. MclIsaac 
Irvine H. Pace 
Research Division, Cleveland Clinic 
Foundation, and Frank E. Bunts, 
Educational Institute, Cleveland, Ohio 
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Spontaneous Changes in 
Corn Endosperm Tissue Cultures 


Spontaneous changes in the character- 
istics of plant tissue cultures are known to 
occur from time to time. The best docu- 
mented change is that which occurs in 
connection with the isolation of habitu- 
ated tissues (1). Habituated tissues are 
independent of exogenous auxin, in con- 
trast to the normal tissues from which 
they are derived. The latter tissues re- 
quire external supplies of auxin for 
growth in vitro. Another change which 
has been observed to arise is the appear- 
ance of a purely parenchymatous tissue 
from woody tissue cultures (2). Reinert 
(3) and Torrey (4) have described irre- 
versible changes from compact calli to 
cultures of very loose masses of cells from 
Picea and pea root callus, respectively. 
The latter changes, however, were as- 
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cribed to manipulations of the nutrient 
medium. In this report changes in the 
characteristics of corn endosperm tissue 
cultures are described which cannot be 
ascribed to manipulations of the nutrient 
medium. 

Sternheimer (5) announced the estab- 
lishment of tissue cultures of an antho- 
cyanin-bearing strain of maize endo- 
sperm and a nonpigmented tissue de- 
rived from the same pigmented tissue. 
Mrs. Sternheimer was kind enough to 
supply me with cultures of these tissues 
in 1953. Unfortunately, these tissues 
were lost through accident and new cul- 
tures were subsequently isolated. 

The endosperm was isolated from the 
maize variety Black Mexican Sweet ac- 
cording to the methods of Straus and 
LaRue (6). The culture medium and 
methods for determining changes in 
weight are described in the same paper. 

Colorless tissues arise with a frequency 
of about 1 in 4000 cultures of pigmented 
tissue. The frequency is raised somewhat 
if old pigmented cultures which have 
ceased growth are transferred to fresh 
medium, The change from pigmented 
to nonpigmented tissue is not entirely 
irreversible. Occasional nonpigmented 
cultures show discrete, small spots of pig- 
mentation. Attempts to isolate and grow 
these: pigmented spots have consistently 
failed. This is probably due to their very 
small size (0.5 to 1.0 mm) and hence 
to their inability to grow when separated 
from the main mass of tissue. The pig- 
mented spots never get very large and 
are soon outgrown by the colorless. tis- 
sue. 

The nonpigmented tissue (PI-C) has 
a growth rate very nearly double that 
of the pigmented tissue (PI). In 25 days 
PI-C shows a 475 percent increase in 
fresh weight and PI a 246 percent in- 
crease. Auxin (1 mg per liter of indole- 
acetic acid) inhibits the growth of both 
tissues, so it is doubtful that the in- 
creased growth rate of PI-C represents 
the same type of habituation as is found 
with other tissue cultures. If PI tissues 
were stimulated to grow more rapidly by 
addition of auxin, then habituation of 
the PI-C tissue would seem reasonable. 

Extracts of PI-C prepared by disinte- 
grating the tissues in a blender with suffi- 
cient 95 percent ethanol to give a final 
concentration of 80 percent ethanol, by 
evaporating at room temperature, and 
by taking up the residue in water and 
adding it to the nutrient medium 
stimulate the growth of both tissues in 
the presence of casein hydrolyzate (2 
g/lit.). The increase in growth is small 
(10 percent) but persistent and highly 
reproducible. Extracts of PI tissue, on 
the other hand, are growth inhibiting 
under the same circumstances. These ex- 
tracts depress growth by 18 to 38 per- 
cent. The results obtained with the PI 
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extracts are not as quantitatively repro- 
ducible as those obtained with PI-C, but 
there is a persistent growth inhibition. 

Another change has been observed in 
the PI tissues more recently. Early in 
1958, several cultures of PI were found 
to have a bright red color rather than 
the deep purple normally found in the 
PI tissues. The red tissue (PI-R) has 
been subcultured six times at the time of 
writing and has persisted in producing 
the red pigment. No quantitative experi- 
ments have been performed to determine 
whether there is any difference in growth 
rate between PI and PI-R. However, 
visual observation does not indicate any 
great difference in the growth character- 
istics of the two tissues. 

Absorption spectra of extracts pre- 
pared by steeping PI tissue in 95 percent 
ethanol containing 2 percent concen- 
trated HCl (vol./vol.) to extract the 
pigments show two absorption maxima, 
one at 325 mw and one at 530 to 540 
mp. The near-ultraviolet peak is char- 
acteristic of the flavone pigments, and 
the peak at 530 to 540 my is character- 
istic of some anthocyanins (7). Extracts 
of PI-R show a shift in both maxima to 
340 mp and 520 mu, Preliminary puri- 
fication of extracts of both PI and PI-R 
was attained by chromatography (see 
below) and subsequent elution of the 
major bands. Spectra taken of these puri- 
fied pigments showed only the maxima 
in the longer wavelengths: 540 my for 
PI and 520 mu for PI-R. Extracts of 
PI-C tissue show only the peak at 325 
my, Extracts of CE clone I-C (6) 
which is derived from a corn endosperm 
that is normally unpigmented show no 
absorption peaks over the wavelengths 
tested (310 to 600 mp). It appears, 
then, that pigments closely resembling 
anthocyanins are still synthesized by the 
PI-C tissues, but the ability to synthesize 
anthocyanin has been lost. 

Extracts of the three tissues (PI, PI-C, 
and PI-R) were examined chromato- 
graphically. The extracts were prepared 


‘in the same manner as those used for the 


spectrophotometric observations. The 
crude extracts were evaporated at room 
temperature in an air stream, and the 
residue was repeatedly extracted with 
95 percent ethanol. The ethanol solu- 
tion was filtered and spotted on sheets of 
washed Whatman No. | filter paper. The 
sheets were equilibrated for 8 hours with 
the lower phase of n-butanol: acetic acid: 
water (4:1:5). The paper was then irri- 
gated (descending) with the organic 
phase of the same mixture for 12 hours 
at a temperature of 30°C. Extracts of 
the three tissues were cochromato- 
grammed on the same sheet. 

PI and PI-R tissues have mixtures 
consisting of at least three anthocyanins. 
The three pigments are common to both 
tissues. However, there was one spot rep- 


resenting the major pigment for each tis- 
sue. For PI, the main pigment spot had 
an Ry of 0.36; for PI-R the R, of the 
main pigment spot was 0.47. Both tis- 
sues showed both pigment spots, but in 
PI the spot at 0.47 was very faint and the 
PI-R spot at 0.36 was also very faint. 
Both tissues revealed a barely discernible 
pigment spot at R, 0.3. Partial hydroly- 
sis of the major PI pigment with HCl 
and subsequent chromatography showed 
that the spot at R, 0.47 was not the agly- 
cone; the aglycone had an Ry of 0.62. 
The chromatographic evidence, together 
with the absorption data, seems to indi- 
cate quite strongly that PI-R tissue is 
synthesizing an anthocyanin quite dif- 
ferent from that produced by the PI tis- 
sue. Unfortunately none of the pigments 
have been positively identified yet. 

Examination of the chromatograms 
with ultraviolet light revealed fluorescing 
spots which were common to all three 
tissues. 

The evidence seems to point to defi- 
nite spontaneous changes occurring in 
the endosperm of Black Mexican Sweet 
cultured in vitro. The change to color- 
less in the tissue cultures seems to in- 
volve a lack of synthesis of anthocyanin 
from the precursor common to both the 
anthocyanins and flavonols. The absorp- 
tion at 325 mp seems to indicate that the 
precursors or flavonols are still synthe- 
sized by PI-C tissue. 

Whether the changes described are 
due to gene mutations or to chromo- 
somal abnormalities cannot at present be 
stated definitely. Chromosome smears of 
PI, PI-C, and PI-R tissues reveal the 
same types of aberrant nuclear and chro- 
mosomal behavior as that described for 
CE clone I-C (8). These are a high 
frequency of chromosome bridges, lag- 
ging chromosomes, regular and irregular 
polyploidy, hypoploidy and multinucle- 
ate cells. It would appear, then, that 
there are many opportunities for changes 
in the characteristics of the tissue to 
occur due to chromosomal abnormali- 
ties (9). 

Jacos Straus 
Department of Biology, 
University of Oregon, Eugene 
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Association Affairs 


AAAS Finances: Report for 1957 


During 1957 the income of the Amer- 
ican Association for the Advancement of 
Science for its normal and continuing 
operating expenses amounted to $835,- 
716.13. This amount was divided as fol- 
lows: 


Annual dues paid by 
members 

Extra payments by members 
who wanted to receive 
both Science and The Sci- 
entific Monthly 

Money transferred from the 
Investment Account to 
pay for subscriptions for 
emeritus and life members 

Subscriptions to Science by 
nonrnembers 

Subscriptions to The Scien- 
tific Monthly by nonmem- 
bers 21,076.04 

Sales of single copies and 


$320,084.91 


22,312.41 


3,933.00 


52,749.28 


back issues 4,595.28 
Advertising in Science and 

The Scientific Monthly 264,456.88 
Sales of symposium volumes 56,417.74 
Annual meeting: registra- 

tion fees, exposition space, 

advertising in program, 

and contributions 27,073.31 
Income from investment of 

funds not needed in check- 

ing account 11,472.23 
Rental income from third 

floor and garage of new 

building 21,966.51 
Allowance for expenses in- 

curred in administering 

grants 21,094.70 
Miscellaneous receipts 8,483.84 
Total $835,716.13 


These receipts amounted to $10,914.10 
more than the operating expenses. The 
principal items of expense were: 


Printing and editing Sci- 
ence and The Scientific 


Monthly $438,809.90 
Cost of selling advertising 
in the two journals 68,614.22 
Printing and editing sym- 
posium volumes 35,737.80 
Expenses of the annual 
mecting 36,278.06 
Allowances ($1 per mem- 
ber) to Pacific, South- 
western and Rocky Moun- 
tain, and Alaska divisions 8,196.00 
Expenses of AAAS sections 3,736.67 
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Board of Directors’ meet- 
ings 4,172.60 


Meetings of committees 3,610.73 
Administrative and general 

expense 40,052.37 
Business office, salary and 

other expenses 94,261.24 
Circularization of new 

members (exclusive of 

salaries ) 10,154.14 
Building maintenance 34,654.50 
Real estate taxes 12,908.52 
Depreciation allowance on 

building 23,547.27 
Depreciation allowance on 

equipment 5,508.58 
Allowance for uncollectable 

items 2,000.00 
Miscellaneous other ex- 

penses 2,559.43 
Total $824,802.03 


The excess of income over expense of 
$10,914.10 requires explanation. During 
1957 the Association changed its method 
of handling some of its accounts receiv- 
able from a cash basis to an accrual basis. 
At the end of the year, close to. $9000 of 
accounts receivable were shown as hav- 
ing accrued to the Association, even 
though the money had not actually been 
received. The comparable amounts in 
earlier years were not shown until the 
money was actually received. Therefore, 
under the bookkeeping system used in 
years before 1957, the excess of income 
over expense would have been approxi- 
mately $2000 instead of approximately 
$11,000. 

In considering the excess of income 
over expenses, it should also be taken 
into account that- over $29,000 of ex- 
pense consists of money sct aside for de- 
preciation of the building and its equip- 
ment. 


Comparison of 1957 with 1956 


Receipts in 1957 were $116,482.32 
above those for 1956. An increase of 
$49,573.60 in advertising revenue was 
the largest contributor to the difference. 
Other substantial increases were $14,- 
081.39 in annual dues payments; $7,- 
760.29 in nonmember _ subscriptions; 
$35,402.52 from the sale of symposium 
volumes; and $10,615.86 more from rent- 
al of space in the Association’s building 
(the space was rented for a full year in 
1957 and for only part of 1956). The 
only major decrease in income consisted 


of receipts of $14,833 less from the 1957 
meeting in Indianapolis than from the 
previous year’s meeting in New York 
City. 

The details of the 1956 account are 
given in the 13 September 1957 issue of 
Science [126, 519 (1957)]. 

Expenses for 1957 totaled $106,796.18 
more than in 1956. The bulk of this in- 
crease was accounted for by the Asso- 
ciation’s publications. Printing and edit- 
ing Science and The Scientific Monthly 
cost $54,222.78 more than in 1956. The 
cost of selling a larger amount of adver- 
tising was $14,107.26 greater than in 
1956. Building maintenance was approxi- 
mately doubled, for the new building was 
maintained for a full year instead of the 
seven months that it was occupied dur- 
ing 1956. For the same reason, the 
amount charged off as depreciation 
against building and equipment was ap- 
proximately twice as great in 1957 as in 
1956. Expenses of the business office and 
the Association’s general administration 
were $12,363.33 greater in 1957 than in 
1956. 


Grants Administered during 1957 


Grants amounting to $340,127.37 were 
administered by the Association during 
1957. This total includes $239,060 of 
new money received during the year and 
a balance of $101,067.37 on hand at the 
beginning of 1957 from grants received 
earlier. 

Largest in amount was the grant from 
the Carnegie Corporation for the Sci- 
ence Teaching Improvement Program. 
That grant of $300,000 extended over a 
three-year period. The final payment of 
$100,000 was received on 1 July 1957. 
Expenses during the year amounted to 
$89,749.10. The balance at the end of 
the year was $68,403.95. Also on hand 
at the beginning of the year was $10,- 
267.50 from a supplementary grant from 
the General Electric Educational and 
Charitable Fund, of which $7386.64 was 
spent during the year, leaving a balance 
of $2880.86. 

From the National Science Founda- 
tion’s grant to support the Traveling 
Science Libraries, the Association had on 
hand at the beginning of the year $28,- 
406.27. A new grant of $113,960 was re- 
ceived in 1957, Expenses of $98,440.67 
left a balance of $43,925.60. 

During 1956 the Association received 
a grant from the Carnegie Corporation 
to pay the cost of two conferences on 
mathematics instruction. The second of 
those conferences was held during 1957, 
at a cost of $3506.09. The unexpended 
balance of $734.46 was returned to the 
Carnegie Corporation. 

During 1957 the Association received 
a grant of $20,000 from the Ford Foun- 
dation toward the expenses of a study of 
possible changes in income tax provi- 
sions to encourage private contributions 
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for educational and similar purposes. 
The study was conducted by the Surveys 
and Research Corporation of Washing- 
ton. Expenses up until the end of 1957 
amounted to $17,331.51, leaving a bal- 
ance at the end of the year of $2668.49. 

Also during 1957 the Association re- 
ceived a grant of $5100 from the Na- 
tional Science Foundation to help pay 
the expenses of a conference of repre- 
sentatives of junior academies of sci- 
ence. The grant was totally expended for 
that conference. 


Investment Account 


To keep them separated from current 
funds and from grants for special activi- 
ties, the Association holds its endowment 
and investment funds in a separate In- 
vestment Account. At the end of 1957 
this account included the following: 


Cash $ 14,476.60 
U.S. Government bonds 66,206.25 
Industrial bonds 145,969.55 
Preferred stocks 58,908.59 
Common stocks 209,013.94 
Total $494,574.93 


The above figures are at cost or book 
value, rather than at the market value of 
the securities. The total is $43,206.42 
greater than was the book value one year 
earlier. 

During the year the Association re- 
ceived $18,627.82 in dividends and in- 





terest on its Investment Account. This 
income represents a return of 3.8 per- 
cent on the book value of the account 
at the end of the year and slightly better 
than 4.1 percent on the book value at 
the beginning of the year. 

The income was used as follows: 


Investment counsel and cost 


of servicing securities $ 1,815.74 
Grants to affiliated acad- 
emies of science 4,089.50 
Transferred to operating 
fund for life and emeritus 
members 3,933.00 
To the Gordon Research 
Conferences 2,041.33 
Award of Newcomb Cleve- 
land Prize 1,005.00 
Award of Socio-Psychologi- 
cal Prize 1,008.83 
Increase in value of endow- 
ment funds 4,734.42 
Total $18,627.82 


During the year the Association also 
gained $18,669.02 from the sale of se- 
curities. This amount, plus the $4734.42 
shown in the table above, plus the fees 
of new life members ($7155), plus a 
small amount received in the form of 
gifts during the year, and plus an in- 
crease of $11,670.05 in funds held for 
the Gordon Research Conferences, ac- 
counts for the total increase in book 
value of $43,206.42 quoted above. 





Consolidated Balance Sheet 


In order to give a view of the Asso- 
ciation’s financial position, the figures 
from the Current Fund and Investment 
Account have been combined here. At 
the end of 1957, the consolidated bal- 
ance sheet showed the following assets: 


Cash on deposit: 


Operating account $ 155,465.01 

Investment account 14,476.60 
Investments at cost: 

Operating account 411,398.59 

Investment account 480,098.33 
Land 115,875.00 
Building (less deprecia- 

tion) 746,733.19 
Equipment (less depre- 

ciation ) 51,132.05 
Money owed to the Asso- 

ciation 59,379.96 
Total $2,034,558.73 


These assets were partially offset by 
the following liabilities: 


Prepaid dues and subscrip- 
tions for which members 
and other subscribers had 
not yet received journals 
or other services 

Unexpended balance of 
grants from the Carnegie 
Corporation, the General 
Electric Educational and 
Charitable Fund, the Na- 
tional Science Foundation, 
and the Ford Foundation 


$358,910.95 


117,878.90 
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magic 
lantern... 


he’s using MICROCARDS* 


MICROCARDS allow publication, 
dissemination, storage and retrieval of 
reference data in quantities of 5 or 
more copies. They provide economical 
reproduction; much less expensive than 
conventional printing (from 1/12 to 1/6 
the cost). Reprints are always promptly 
available. 


* A registered trademark. A MICRO- 
CARD is an opaque 3” x 5” card on 
which we record photographically, in 
miniature, as many as 80 pages of full- 
size documents. You can keep a complete 
library at hand in an ordinary card file, 
locate particular references easily, and 
read them clearly ... with a magnifying 
MICROCARD Reader. A great amount 
of original source material is already 
available from MICROCARD publishers. 
Their current catalogs are available to 
you on request. 
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tory lattice supports 
with LEE LATTICE 
CONNECTORS and 
BASE PLATES. 









A. The old reliable LEE LATTICE 
CONNECTOR (¥ million in use) 
B. Vertical Base Plate 

C. Swivel Base Plate (Adjustable 

thru range of 45°.) 

D. The NEW QUICK ACTION SPHERICAL CON- 
NECTOR for use where occasional adjustment or 
change may be needed. High Strength Aluminum, 
Stainless Steel screws and levers. All for “2” rod. 


Introductory Kit of LEE LATTICE 
HARDWARE (12 A’s, 4 B’s, 2 C’s 
4 D’s) Total 22 pieces. Shipped to 
you Postpaid $10.00. 
(Rods are not included—used here 
for illustration only) 


SPECIA 
OFFER: 


If more convenient, OPEN AN ACCOUNT. Your credit 
is good if you are listed in the phone book,—just 
send name, address and phone number. 





Take advantage of this GET-ACQUAINTED OFFER! 


LEE ENGINEERING CO. 


2023 West Wi: in Ave. Mi » Wis. 
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BOARDMASTER VISUAL CONTROL 

* Gives Graphic Picture — Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate — Type or Write on 
Cards, Snap in Grooves 

* Ideal for Production, Traffic, 
Scheduling, Sales, Etc. 

* Made of Metal Compact and Attractive. 
Over 250,000 in Use 


Full price $49°° with cards 


FREE 


Inventory, 





24-PAGE BOOKLET NO. BF-40 
Without Obligation 














Write for Your Copy Today 


GRAPHIC SYSTEMS | 


55 West 42nd St. @ New York 36, N.Y. | 
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A Century of 
Darwin 


Edited by S. A. BARNETT. To com- 
memorate the Darwin centennial, fif- 
teen authors of international distinction 
here survey not only the Darwinian 
theory of evolution, but Darwin’s con- 
tributions to other fields ranging from 
embryology to botany. Each of the 
articles is an up-to-date review of the 
progress made in the particular field 
discussed. 


Among the subjects included are ap- 
plied biology, the study of man, the 
nature of biological process, and Dar- 
win’s impact on the social sciences and 
on ethics. Profusely illustrated with . 
text figures and half-tone plates. Select 
bibliographies for each chapter. $5.75 


Through your bookseller, or from 


HARVARD 


University Press 
79 Garden Street, Cambridge 38, Mass, 
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GUARANTEED 
STUDENT 


GRAF 
APSCO 


CHICAGO, U.S.A. 


NEW DESIGN 
EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 
10X OCULAR 
OBJECTIVES 
16mm (10X) N.A. 0.27 
4mm (44X) N.A. 0.66 


TEN YEAR GUARANTEE 


TRANSPORTATION 
INCLUDED 


Write for catalogue 
listing safety features 


MODEL GB2A 
List price 


Quantities of 5 or more 


5868 BROADWAY 





THE GRAF-APSCO CO. 


CHICAGO 40, ILL. 


Valve 

















$117.00 ea. 
. $105.30 ea. 


slide, ball, air release, 
bulletin No. V3 today! 


NRC 
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New Vacuum 


Write for Your Copy! 





Gives engineering information on types and uses of high vacuum 
valves. Contains valuable design data on more than 275 valves. Sizes 
Ye” to 20” manual and remote operation. Lists wye, globe, angle, 


Manual Free 


NING | 
EQUIPMENT 


a 














throttling and quick connect valves. Write for 






Department 25-W 


NRC Equipment Corporation 
A subsidiary of National Research Corp. 
160 Charlemont Street, Newton 61, Mass. 
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Accounts payable to others 89,170.41 
Remainder of mortgage on 


building, payable in 81% 


years $152,979.56 
Held for Gordon Research 

Conferences 38,172.80 
Total $757,112.62 


The difference between the assets and 
liabilities represents the Association’s net 
worth. As of the end of 1957, the net 
worth was distributed as follows: 


Endowment funds: 


For research $ 201,292.02 
For general purposes 

(used to pay subscrip- 

tion costs for life and 

emeritus members ) 190,728.90 
For the Newcomb Cleve- 

land Prize 27,180.95 
For the Socio-Psycho- 

logical Prize 29,026.65 
For creating emeritus 

life memberships 8,173.61 
Value of land 115,875.00 
Value of building (less 

depreciation and mort- 

gage) 593,753.63 
Unallocated reserve 115,599.63 
Total $1,277,446.11 


This net worth figure is $41,914.20 
greater than at the end of 1956. 


Auditor’s Report 


The Association’s financial records for 
1957 were audited by the firm of G. P. 
Graham and Company. The tables pre- 
sented above differ in form from those 
included in the auditor’s report, and the 
explanations of sources of income and 
nature of expense are usually given in 
greater detail. In a few cases, items have 
been reclassified from the auditor’s re- 
port to make more meaningful group- 
ings. Except for such rearrangements, 
there are no differences between the fig- 
ures presented here and those reported in 
the audited account, to which was at- 
tached a letter reading, in part: “In our 
opinion the accompanying statements 
present fairly the financial position of 
the American Association for the Ad- 
vancement of Science as at December 
31, 1957, and the results of its operations 
for the year ended on that day, and were 
prepared in conformity with generally 
accepted accounting principles. . . . Re- 
spectfully submitted, G. P. Graham and 
Company, by G. R. Bowers.” 

Dart WoLF_e 
American Association for the 
Advancement of Science 


International Conference on the 
Peaceful Uses of Atomic Energy 


The Second United Nations Interna- 
tional Conference on the Peaceful Uses 
of Atomic Energy at Geneva, Switzer- 
land, began on 1 September and will 
continue through 13 September. Formal 
invitations to take part in the 1958 con- 
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The following 
SCHWARZ preparations 
are of interest: 








THYMIDINE... 
in growth studies, blood building and certain types of anemia. 


NUCLEIC ACID AND SODIUM NUCLEATE... 


in studies of growth and longevity, agranulocytosis and nu- 
tritional deficiencies. 


MINUCLEIN® ... 


(Brand of Schwarz Tonic Nucleates), containing calcium, 
copper, iron, magnesium, manganese and phosphorus, as sol- 
uble ribonucleates complex, for studies in mineral nutrition. 


LYCEDAN®... 


(Brand of Schwarz Adenosine-5-Phosphoric Acid), as sterile 
ampoules for parenteral use in investigations. 


YEAST ADENYLIC ACID... 


for certain nutritional conditions. 
SUGAR PHOSPHATES... 
as intermediates in conditions affecting glycolysis. 
METHIACIL®... 

(Schwarz Brand of Methylthiouracil) and THIOURACIL, 


in studies of animal metabolism and growth (poultry). 





These Schwarz fine chemicals satisfy the exacting requirements of 
products intended for laboratory and biochemical use. 


To assure the user of highest quality and purity, rigid specifica- 
tions in accordance with latest literature are established for each 
product, each lot is carefully analyzed and checked before ship- 
ment, complete records are permanently kept, and an analysis is 
furnished the user if desired. 


Quantity production resulting from the wide preference and de- 
mand for Schwarz high-quality biochemicals provides ample sup- 
plies at low cost. Write for informative technical bulletins, specifi- 
cations, references to literature and latest complete price list. 


SCHWARZ LABORATORIES, INC. 
Leading Manufacturers of Yeast Biochemicals and Fine Chemicals 
230B WASHINGTON STREET, MOUNT VERNON, NEW YORK 
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ference were sent by the United Nations 
to 88 governments. and the affiliated 
specialized agenci@®=Sixty-one govern- 
ments are participating. 

Plans for the conference were devel- 
oped by a seven-nation advisory com- 
mittee, including scientists from Brazil, 
Canada, France, India, the U.S.S.R., the 
United Kingdom, and the United States. 
Sigvard Eklund, Secretary-General of 
the conference, appointed a 21-member 
scientific secretariat from 13 countries to 
assist in the preparation of the agenda. 
Subjects that are receiving major atten- 
tion at the conference are basic nuclear 
physics, including nuclear fusion, nuclear 
reactors, chemistry, radioisotopes, health 
and safety problems, raw materials, and 
metallurgy. 

The U.S. delegation, announced by 
President Eisenhower on 20 August, in- 
cludes Lewis L. Strauss, chairman, 
James R. Killian, Jr., Willard F. Libby, 
Robert McKinney, and I. I. Rabi. Rep- 
resentatives of the Joint Congressional 
Committee on Atomic Energy are also 
attending and the U.S. delegation has 
an advisory scientific group of approxi- 
mately 200 scientists. 

This country is presenting more than 
700 papers, of which approximately 200 
are being presented orally, while the rest 
will appear in the printed procedure. 
The U.S. exhibit covers about 36,000 





square feet of space and includes four 
major sections: Basic Sciences, Life Sci- 
ences, Fission Reactors, and Controlled 
Fusion Research. A total of 44 films on 
many aspects of atomic energy utiliza- 
tion have been produced by the U.S. 
for the conference, and a U.S. Techni- 
cal Information Center is available for 
the use of delegates from all countries. 

More than 40 private American indus- 
trial firms are taking part in a commer- 
cial exhibit that is being held in Geneva 
at the same time as the conference. The 
exhibit displays atomic energy equip- 
ment, components, products, and services 
that are now available on the open 
market. 


Forthcoming Events 


October 

5-8. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers, fall, 
Houston, Tex. (E. O. Kirkendall, AIME, 
29 W. 39 St., New York 18.) 

6-9. Veterinary Public Health Practice, 
Ist inst., Ann Arbor, Mich. (H. E. Miller, 
Continued Education, School of Public 
Health, Univ. of Michigan, Ann Arbor.) 

6-11. Electroencephalographic Study 
of the Higher Nervous Activity Processes 
in Animals and Man, colloquium (by in- 
vitation), Moscow, U.S.S.R. (Miss Mary 
A. B. Brazier, Massachusetts Neurophysio- 
logical Laboratory, Massachusetts General 
Hospital, Boston 14.) 
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7-9. Hypervelocity, 3rd symp., Chicago, 
Ill., (Air Force Office of Scientific Re- 
search, Air Research and Development 
Command, U.S. Air Force, Washington 
25.) 

7-9. International Soc. for the History 
of Pharmacy, cong., Venice, Italy. (A. F. 
Vitolo, Piazza Carrara 10, Pisa, Italy.) 

8-12. Nutrition and Vital Substances, 
4th intern. conv., Essen, Germany (Secre- 
tary General, Bemeroder Strasse 61, 
Hannover-Kirchrode, Germany. ) 

10-11. Association of Midwest Biology 
Teachers, Western Illinois Univ., Ma- 
comb. (R. M. Myers, Western Illinois 
Univ., Macomb. ) 

11-15. Salinity Problems in the Arid 
Zones, UNESCO symp., Tehran, Iran. 
(UNESCO, 19, avenue Kleber, Paris 16°.) 

12-17. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 100 First Ave. Bldg., Roch- 
ester, Minn.) 

13-15. Association of American Medi- 
cal Colleges, 69th annual, Philadelphia, 


Pa. (W. Darley, AAMC, 2530 Ridge Ave., 


Evanston, Ill.) 

13-15. National Electronics Conf., 
Chicago, Ill. (L. W. Von Tersch, Michi- 
gan State Univ., East Lansing. ) 

13-16. Society of Exploration Geophys- 
icists, 28th annual intern., San Antonio, 
Tex. (C. C. Campbell, Box 1536, Tulsa 
1, Okla.) 

13-17. American Soc. of Civil Engi- 
neers, annual conv., New York, N.Y. (W. 
H. Wisely, ASCE, 33 West 39 St., New 
York 18.) 


THE FARRAND. 





Photoelectric 


FLUOGROMETER 








Precision Optics 
Electronic and 
Scientific Instruments 


FOR FLUOROMETRIC 
METHODS of ANALYSIS 


Designed for stability and linear re- 
sponse over a wide range of sensitivi- 
ties, the Farrand Fluorometer provides 
precise, reliable measurements, especi- 
ally for extremely low concentrations 


in micro or macro volumes. 


Descriptive Bulletin No. 803R, includ- 


ing list of users, sent upon request. 


Bulletin No. 820, describing the FARRAND 


Spectrofluorometer, also available. 
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oa D I 5 p E N S E R S Delivery of Accurate 
Volumes of Liquid eae 
ry for Partition Chromatography 
F, . 
SIMPLE TO USE .., accuracy to within + 1%, and Paper Electrophoresis 
a ..Measurement is automatic, 
ne therefore accurate and rapid. 
- Examples of Use 
fla- Accurate filling of ampules, vials, 
1018 and test tubes. 
Making serial determinations. 
= Pipetting serological test reagents. 
5°.) Adding chloroform, strong acids, 
nol cyanide solutions, and solvents. 
W. i 1 
be: |. Tip back to fill reservoir. ag tp water blanks, or other 
4 For oct Ae known amounts 
edi- f Kjeldahl buffers. ‘ eigita P 
iia " “i ag ogee A photoelectric precision instrument for the rapid 
ve., rite for Brochure D. and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
- fay eet ove paper electrophoresis. 
Special Apparatus for Paper Strip 
hys ens e Write for Bulletin #800 to 
ynio Improved Reagent Sprayers : 
ulsa 2. Tip forward to dispense. Write for Brochure A P H O fi O V 8, it C O R P. 
:ngi- 5 95 Madison Avenue New York 16, N. Y. 
(W, manutacturer i Also : 
Nee CALIF. LABORATORY EQUIP. CO. | Baieoters Reflection Meters Multiplier Photometers 
98 RINCON ROAD . BERKELEY 7 - CALIFORNIA \ Nephelometers 
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"i Announces two new books 


COLD INJURY 


Transactions of the Fifth Conference 





). 
7 _ JOSIAH MACY, JR. FOUNDATION 





Edited by M. Irené Ferrer, M.D., Department of Medicine 
Columbia University College of Physicians and Surgeons 


This conference produced valuable material on animal adaptation to cold, hiber- 
nation, observations on ventricular fibrillation in acute hypothermia, human acclime- 


ization to cold, energy metabolism in cold, and avenues of heat loss and peripheral 
circulation, 


$5.95 
POLYSACCHARIDES IN BIOLOGY 


Transactions of the Third Conference 
. Edited by George F. Springer, M.D., William Pepper Laboratory of Clinical Medicine 
University of Pennsylvania School of Medicine 


The discussions at this conference were concerned with homopolysaccharides, and 
nucleotides and saccharide synthesis. 


$4.75 


JOSIAH MACY, JR. FOUNDATION PUBLICATIONS 
16 WEST 46th STREET, NEW YORK 36, NEW YORK 


' Please make checks payable to Josiah Macy, Jr. Foundation 
A catalog of all transactions in print will be sent on request 
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15-17. American Ceramics Soc., Glass 
Div., Bedford, Pa. (C. S. Pearce, 4055 N. 
High St., Columbus 14, Ohio.) 

19-22. Land and Water, Soil Conserva- 
tion Soc. of America, 13th annual, Ashe- 
ville, N.C. (H. W. Pritchard, 838 Fifth 
Ave., Des Moines 14, Iowa.) 

19-24, American Soc. of Anesthesiolo- 
gists, Pittsburgh, Pa. (J. E. Remlinger, 
802 Ashland Ave., Wilmette, Ill.) 

19-26. Allergology, 3rd intern. cong., 
Paris, France. (S. M. Feinberg, Medical 
School, Ward Memorial Building, 303 
East Chicago Ave., Chicago, II.) 

19-26. Medical Hydrology, 21st intern. 
cong., Madrid, Spain. (Dr. Francon, 55, 
rue des Mathurins, Paris 8°, France. ) 

20-21. Rubber and Plastics Instrumen- 
tation, natl. symp., Akron, Ohio. (D. R. 
Davis, General Tire and Rubber Co., Cen- 
tral Research Lab., Akron 9.) 

20-22. American Oil Chemists’ Soc., 
fall, Chicago, Ill. (Mrs. L. R. Hawkins, 
35 E. Wacker Drive, Chicago 1.) 

20-23. American Acad. of Pediatrics, 
Chicago, Ill. (E. H. Christopherson, 1801 
Hinman Ave., Evanston, IIl.) 

20-23. American Psychiatric Assoc., 
Kansas City, Mo. (1700 18 St., NW, 
Washington 6.) 

21. American Soc. of Safety Engineers, 
annual, Chicago, Ill. (J. B. Johnson, 425 
N. Michigan Ave., Chicago 11.) 

22-24. American Assoc. of Petroleum 
Geologists, southwestern regional, Mineral 
Wells, Tex. (R. H. Dott, Box 979, Tulsa 
1, Okla. ) 

22-24, Aviation Medicine, 4th annual 
symp., Santa Monica, Calif. (T. H. Stern- 
berg, UCLA Medical Center, Los An- 
geles 24, Calif. ) 

22-26. American Soc. for the Study of 
Arteriosclerosis, annual, San Francisco, 
Calif. (O. J. Pollak, P.O. Box 228, Dover, 
Del.) 

23-25. National Soc. of Professional 
Engineers, San Francisco, Calif. (K. E. 
Trombley, NSPE, 2029 K St., NE, Wash- 
ington 6.) 

23-25. Rocket Technology and As- 
tronautics, intern., Essen, Germany. 
(Deutsche Gesellschaft fuer Raketentech- 
nik und Raunfahrt, e.v., Neunsteiner- 
strasse 19, Stuttgart, Zuffenhausen. ) 

24-25. International Conference on the 
Insulin Treatment in Psychiatry, New 
York, N. Y. (M. Rinkel, 479 Common- 
wealth Ave., Boston 15, Mass.) 

24-25. Taxonomic Consequences of 
Man’s Activities, symp., Mexico, D. F. (H. 
C. Cutler, Missouri Botanical Garden, St. 
Louis. ) 

24-28. American Heart Assoc., San 
Francisco, Calif. (J. D. Brundage, 44 E. 
23 St., New York 10.) 

27-28. Child Research in Psychophar- 
macology, conf., Washington, D.C. (S. 
Fisher, Psychopharmacology Service Cen- 
ter, Natl. Inst. of Mental Health, Bethesda 
14, Md.) 

27-28. Plant Physiology, 9th annual 
research cong., Saskatoon, Saskatchewan, 
Canada. (D. T. Coupland, Plant Ecology 
College of Agriculture, Univ. of Saskatch- 
ewan, Saskatoon. ) 

27-29. Radio, Institute of Radio Engi- 
neers, fall meeting, Rochester, N.Y. (V. 
M. Graham, EIA, 11 W. 42 St., N.Y.) 


(See issue of 15 August for comprehensive list) 
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Letters 


Machines and the Brain 


In the last few years there has been 
an epidemic of published statements, 
articles, and books which take for their 
subject the relationships of machines to 
brains. Many of these theses have been 
loosely constructed and have been filled 
with gross oversimplifications, vague ap- 
proximations, and unjustified assump- 
tions. Certainly some comparisons and 
contrasts can be made between known 
machines and human brains, but the 
paucity of knowledge of the latter 
mechanism has given rise to numerous 


ill-advised speculations. My general con- 


L 
FIRST: LOOK AT UNITRON'S NEW 








Here is a precision measuring instrument for both ortho- 
scopic and conoscopic observations, designed to meet the 
exacting requirements of science, education, and industry. 
Its many features make it ideal for work in chemistry, 


crystallography, mineralogy and biology as well as in the 


technology of paper, glass, textiles and petroleum. 


aaa THESE OPTICAL & MECHANICAL FEATURES 


Note that UNITRON’S new Model MPS comes complete 
with optics and accessories and includes features usually 
associated only with much more costly models. 

EYEPIECES: Micro 5X providing measurements to 
0.0025mm. and cross-hair 10X. The eye lenses focus to 
produce sharp reticle images and are keyed to prevent 
rotation. 


OBJECTIVES: 4X(N.A.0.1), 10X(N.A.0.25), 40X(N.A.0.65), 
achromatic, strain-free, each with centerable mount. 


NOSEPIECE: quick-change type for critical centering. 
CONDENSER and POLARIZER: three-lens condenser 
with upper elements on a swing-out mounting, provides 
either parallel or convergent light. A dovetail-slide 
focusing mount and iris diaphragm insure optimum 
illumination and resolution. 

POLAROID POLARIZER: rotatable through 360° ond 
graduated every 45°. Plano-concave mirror. 


ANALYZER: Polaroid, in sliding metal mount. 


BERTRAND LENS: for the study of interference figures, 
fixed-focus lens is centerable and mounted in a slideway. 


© STAGE: diameter 115mm., revolves through 360°, gradu- 
ated in degrees and reads to 6’ with vernier. The top is 
calibrated in mms. in two directions and is drilled and 
tapped for an accessory mechanical stage. Stage clips. 
COMPENSATORS: two compensators are included; a 


quarter-wave plate and first order red plate. These fit 
into a slot above the objective lens. 


* FOCUSING: coarse and micrometric fine adjustments. 


* STAND: heavy stand, arm inclines to horizontal position. 


cern here is to attempt to attack some 
of this foggy thinking and, in particular, 
to respond to the article “Machines and 
the brain” by F. H. George, published in 
the 30 May 1958 issue of Science [127, 
1269 (1958) ]. 

It is asserted in that article that cyber- 
netics has seriously proposed that the 
brain is a complex two-valued switching 
device. A more accurate observation is 
that the switchboard theory of nervous 
conduction was disappearing at just 
about the time that cybernetics first 
came on the scene. Wiener (1) himself 
suggested the possibility of a complex 
nondigital neural mechanism in addition 
to the well-known all-or-none transmis- 
sion. Since then there has been ample 
evidence for synaptic and humoral 


POLARIZING MICROSCOPE 





1 tris diaphragm 
2 Polarizer 

3 Swing-out lever 
4 Focusing lock 

5 Focusing slide 








Condenser and Polarizer 


THEN: LOOK AT THE PRICE! 
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Model MPS complete as described, $ 269 
in fitted cabinet. . “an ° 


Quantity prices on three or more. 


$14 75 


Accessory mechanical stage 


AVAILABLE ON FREE 10 DAY TRIAL 


Send for complete catalog on UNITRON Microscopes. 
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mechanisms which form continuously 
variable, long time-constant systems. 
These systems, at least as complex as 
those using two-valued axonal transmis- 
sion, mediate the performance of the 
binary systems. If one must speculate 
about the nature of the cerebral proc- 
esses it may be reasonable to say. that 
the flow of information between parts 
of the brain is essentially “digital” while 
the logical operations themselves are 
“analog.” The futility of even hoping 
for adequate mathematical descriptions 
of the brain is made painfully clear 
when von Neumann observes (2) that 


What are the Maicituns doing in 


my particular field? rer 


&, this information attttlntle 


in Pe EG 


These pertinent questions which consistently confront 
technical librarians today, have pointed up the serious 
lack of a standard source of reference for translations 


of Soviet scientific information, and have led to the 


inauguration of a unique monthly service 


the nervous system operation must differ 
considerably from what we consciously 
and explicitly consider to be mathe- 
matics. : 

George has equated simulated nerve 
nets to biological nervous tissue, imply- 
ing that the flow of binary signals 
through explicit logical networks can 
form a reasonable basis for understand- 
ing brain function. One of the most em- 
barrassing pieces of clinical evidence 
which such notions must explain is that 
very considerable portions of human 
brain can be removed without appar- 
ently destroying memory or function. In 
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Science and 


Technology 


HIS HANDY MONTHLY GUIDE, available on an annual subscription basis, is specifically 


designed to furnish Western scientists with English translations of the contents of cur- 


rent Soviet journals being translated, cover to cover, on a continuing basis by Consultants 


Bureau, other firms and learned societies. 


HROUGH SPECIAL ARRANGEMENT with the editors of these Soviet publications, expedited 


copies of the contents are made available, in translation, within two months after their 
release in Russia. Thus, each subscriber is constantly aware of the latest information avail- 
able for translation in his specific field of scientific endeavor. 





The format of SST is one which permits the 
reader instant access to all pertinent information: 


a) Estimated date of publication in English 
(when information is available from publisher) 


b) Name and address of organization from which 
translation is available 


c) Yearly subscription prices 


d) Price of individual papers, or issues (when 
sold separately) 


e) A special section devoted exclusively to edi- 
torial material on the most up-to-date trans- 
lating techniques 


The worldwide acceptance of SST in its few short 
months of existence (first issue published in 
May, 1958), has proved the urgent need for just 
such a service. And with the constant addition of 
new Russian journals-in-translation, each sub- 
scriber is assured of continuous, comprehensive 
and accurate information on the availability of 
the latest advances in SOVIET SCIENCE AND 
TECHNOLOGY. 


ANNUAL SUBSCRIPTION 


(includes 12 issues per year, which 
cover all calendar year issues of the 
original Russian journals) 
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Write Consultants Bureau for free bro- 
chure on SST, and comprehensive cata- 
logs of our current Russian translation- 
publishing program. 


CONSULTANTS BUREAU, Inc. 
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the ablation of a complete cortical hemi- 
sphere some five billions of the elements 
can be removed without much observ- 
able effect. 

George has the discomfiting habit of 
implying much while actually saying 
little and therefore leaving the reader 
with more flavor than sustenance. The 
section entitled “Development of nets” 
illustrates this when the time comes to 
develop the nets and one finds that the 
author “leaves the matter for the time,” 
never to return. He agrees throughout 
this section that certain things should be 
said, then neatly side-steps with com- 
ments that these matters have been dis- 
cussed elsewhere; unfortunately, refer- 
ences to the “elsewheres” are not given. 

George’s “summary” of our knowledge 
of the human visual system is of dubious 
value. Even a cursory summary of that 
vast body of information (3), written 
for an interdisciplinary audience, could 


easily occupy a small volume. The “sum- , 


mary” which is given is a curious mix- 
ture of gross anatomy, psychophysics, 
and speculation. There is a section of 
this summary which is truly incredible. 
It is: 


Perhaps the most interesting feature of 
the visual pathways is the effect of sum- 
mation resulting from the fact that infor- 
mation is being passed through a restric- 
tion. (Something very similar is seen in 
the auditory pathways. ) 

The passing of information through a 
restriction is something that is character- 
istic of the central nervous system and 
makes temporal summation a_ necessity. 
It should be mentioned straightway that 
there is no difficulty in showing how this 
can be done in logical network terms. 


To this I can only observe that the 
words and sentences are quite clear; it 
is only the meaning which is baffling. 

One of the great puzzles to neuro- 
physiologists, neuroanatomists, and _psy- 
chologists alike concerns the origin and 
function of the alpha rhythm. There is 
not even a good set of speculations ex- 
tant for explaining this brain-wave phe- 
nomenon, yet George confidently de- 
scribes it as a scanning system to offset 
blurring due to aftereffects of retinal 
stimulation. 

The impression is given that, after all, 
the cerebral cortex is a simple structure, 
only it contains so many variables that 
its description must be made in prob- 
abilistic terms. The author asserts that 
intercortical and subcortical connections 
“can be approximated by quite simple 
mathematical functions.” This is ex- 
tremely misleading in view of the fact 
that a single neuron may have hundreds 
of dendritic connections and as many, 
or more, synaptic processes. Even if we 
completely understood this “simple” unit 
and its time-varying parametric rules 
(which must include charge distribution, 
ionic concentration, membrane and hu- 
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moral conditions), an adequate descrip- 
tion for it would very likely be far from 
simple. To further construct a mathe- 
matical model for a modest volume of 
these elements (a single cubic centimeter 
contains roughly ten million of them) is 
an even more complicated task. We must 
then include statements about temporal 
and spatial summation, relative and 
absolute refractoriness, inhibition, and 
delay. 

Most of those who have done “nerve- 
net” modelling have been careful to 
state that their constructs are extremely 
gross oversimplifications. In his “Prob- 
abilistic Logics” (4), von Neumann cau- 
tions that identifying the real physical 
or biological world with models con- 
structed to explain it is indeed danger- 
ous and that even plausible explanations 
should be taken with a very large grain 
of salt. 

Leon D. Harmon 
Bell Telephone Laboratories, Inc., 
Murray Hill, New Jersey 
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I have been kindly allowed to reply 
to the criticisms made by L. D. Harmon 
about my article “Machines and the 
brain,” published in Science, 30 May 
1958. 

It is perhaps most appropriate to start 
with some admissions. Insofar as I may 
have created the impression that the 
cerebral cortex is simple, that machines 
could easily be built to simulate it in 
detail, or that everything is now cut- 
and-dried in digital terms, then I have 
certainly been guilty of misleading my 
readers, It may be easy enough in this 
sort of subject to create a false impres- 
sion, and many writers have certainly 
made exaggerated claims. 

That my writing and thinking may 
sometimes be foggy, as Harmon sug- 
gests, is a fact of which I am all too 
well aware. More particularly, I agree 
with the late John von Neumann’s warn- 
ing about identifying models with phys- 
ical or biological systems. Von Neumann 
had a large influence on my own think- 
ing—especially during a year spent at 
Princeton (1953-54)—and I would cer- 
tainly never encourage identification of 
model and system modelled; nor, indeed, 
did I ever suggest such a foolish pro- 
cedure. 

I will now turn briefly to the task of 
justifying myself. 

I would certainly claim that the meth- 
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Displaying induction motor performance graphically with the Donner Model 3000 


The simultaneous equations describing the mesh currents in the induction motor equiva- 
lent circuit are used to create the computer programming schematic shown on the left 
hand side of the blackboard. The Donner Model 3000 Analog Computer solves the 
equations with an arbitrary choice of parameters and displays the solution on the oscillo- 
scope or recorder. Shown on the recorder are traces representing torque, slip, and effi- 
ciency as a function of the power developed in a squirrel cage induction motor. Effects 
of parameter variations on motor performance are readily investigated and graphically 
displayed. The computer is also appropriate for study of transient recovery and poly- 
phase motor or transformer fundamentals. 


“Teaching Assistant” 


ELECTRICAL 
ENGINEERING 


From the study of de and ac circuit fundamentals through 
Laplace and Fourier transforms, teaching effectiveness in en- 
gineering can be expanded with the Donner Model 3000 Ana- 
log Computer. Serving as a veritable “Teaching Assistant,” 
the Donner computer behaves as an arbitrary physical system. 
Solution to the describing equations is dynamically presented 
in visual form. Effects of variation in system parameters are 
quantitatively displayed with lasting impact. 


A Donner analog computer can demonstrate dynamic system 
behavior in your classroom, multiplying the effectiveness in 
presenting new concepts in engineering. Without detailed 
knowledge of analog computers you can use the Model 3000 
to demonstrate problems covering DC and AC circuit funda- 
mentals * steady state responses of networks and transmission 
lines + transient response of resonant and coupled circuits + 
simulation of rotating machinery + solution to complex net- 
works * dynamic simulations of transfer functions * matrix 
analysis + frequency, phase, and time response + Fourier an- 
alysis * m-derived filters + autocorrelation and cross correla- 
tion * sampled data systems. 


For about $1500 you can put a complete computer to work in 
your classroom. Your students can establish a firm concept of 
the dynamic behavior of physical systems. A letter outlining 
your specific areas of interest addressed to Dr. V. B. Corey, 
Technical Director, Donner Scientific Company, Concord, 
California, will bring full details. Dept. 509 
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ods of finite automata are of the greatest 
use in building models of the human 
brain. This is not to imply ‘that the hu- 
man brain can be wholly modelled as a 
digital system (Turing guessed that it 
was part digital and part analog, and 
with this most of us would agree). If, 
however, we were able to mirror many 
aspects of the brain in such digital terms, 
it would then be relatively easy to re- 
place digital by analog parts. The pro- 
cedure is essentially an effective one. It 
also has (and for this reason of its effec- 
tiveness) a clarifying effect on the con- 
cepts we use in neurophysiology. 


The example Harmon quotes of brain 
destruction is an interesting one. This 
work is associated, primarily, with the 
name of Lashley. He certainly found 
that an alarming number of cortical 
areas could be destroyed, at least in rats, 
and there is much evidence from frontal 
lobotomy and other operations in human 
beings that show the same sort of thing. 
But why, one wonders, does Harmon im- 
ply that this is a special difficulty? The 
work of D. O. Hebb has already sug- 
gested a method for dealing with these 
results, and von Neumann’s principle of 
multiplexing could certainly be used to 
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TEMP-TROL makes possible com- 
pletely accurate kinematic viscosity 
determinations of Newtonian liquids 
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TEMP-TROL incorporates only those de- 
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to operator convenience and required 
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to 16,000 centistokes. Special cooling coil 
brings bath temperature down below 


room temperature when required. High-quality selector switch, which 
provides 500, 300, 200 or 125 watts insures quick heat-up and accurate 


temperature control without overshoot. 


Bath uniformity of 0.02 F. is maintained throughout the temperature 
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305.3. Unit incorporates a grid bias circuit activated by a current draw 
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account for them. Clearly, any model 
that claims to be sufficient for brain- 
model purposes will not depend on pre- 
cise element-by-element efficiency. Since 
a large number of elements must be kept 
in reserve for the mediation of “new 
ideas,” destruction of elements may well 
have the effect of destroying “creative” 
capacity. 

Unfortunately, limitations of space 
forbid that I should treat the remainder 
of Harmon’s remarks in detail. But I 
will summarize further comments in the 
form of a brief list. (i) Restriction and 
temporal summation are characteristics 
of central nervous tissue (see J. T. Cul- 
bertson) ; Harmon’s example of my prose 
is not so convincing, although I would 
now write it rather differently. (ii) The 
switchboard theory of the nervous sys- 
tem is by no means out of fashion, and 
research is increasingly being done on 
it, perhaps especially in Britain. (iii) I 
believe it is possible that the cerebral 
cortex is indeed constructed on rela- 
tively simple principles, although, like 
the digital computer, it gains its great 
complexity from the enormous number 
of its elements. (iv) Although, unfortu- 
nately, no work has yet been published 
on the logical interpretation of the alpha 
rhythm, a great deal of work has been 
done in this field in Britain (7) and will 
soon, it is hoped, be published. 

There is a great deal more to be said 
on this vast topic of brain models, and 
I would take this opportunity to empha- 
size the enormity of the problem of 
modelling the brain. I believe that the 
functional aspects are indeed more easily 
approachable than the anatomical. Nev- 
ertheless, there seems to be some reason 
for optimism about the future of the 
very powerful methods of cybernetics. 

I would also like to take the oppor- 
tunity to give a few of the many refer- 
ences (2) for the work referred to here 
and previously. I do not repeat the refer- 
ences (all of great importance) in Har- 
mon’s note. 

F. H. Grorcr 
University of Bristol, 
Bristol, England 
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Tired of Shaking Test Tubes by Hand? 


New continuous-duty rotary agitator holds up to 
12 test tubes or small vessels ...to free you for 





other work in the lab. 


The 
SPINNERETTE 


Typical applications: 

e effecting small-scale 
extractions, and mixing 
of solutions, emulsions, 
dispersions or colloids. 
e culturing organisms, 
viruses, tissue cultures 
or cells. 

e blood analysis and 
small-scale dialysis. 


Designed for optimum variation in rate of mixing 
or agitation by virtue of vertical-to-horizontal tilt 
angle of platform plus four rotating speeds (15, 
30, 45 and 80 rpm). Affords smooth, quiet and 
maintenance-free service and can operate any- 
where—on a work table or mounted on a wall. 
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A motor driven recording drum that is very suitable for students’ 
use and also for general experimental work. 


The driving mechanism consisting of an induction motor and a gear 
box, is housed in the aluminum base. Five speeds are provided—they are 
0.44, 2.2, 11, 54 and 270 centimeters per minute. Care has been exer- 
cised to provide speeds that will be suitable for all student experiments. 
Any one of the five speeds may be selected at will, by rotating the speed 
control knob to the desired position while the motor is running. The chart 
drum (aluminum) is 15 em. high and 50 cm. in circumference. 


A special feature of this kymograph is the convenient provision for 
attaching the long paper extension (No. 70-128) to the base. The base is 
drilled and tapped for attaching the extension. This may be accomplished 
by removing the two acorn nuts and attaching the drilled end plate to 
the base. Paper records 225 cm. in length may be made. 


Another special feature is an accessory which provides for the mount- 
ing of instruments on a swinging bracket which may be rotated con- 
centrically with the recording drum shaft. The bracket, clamp nut and 
support rod are illustrated under No. 70-112. 
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Equipment 


The information reported here: is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 554. 


™ OSCILLOSCOPE CAMERA features a Polar- 
oid back that takes from 1 to 80 pictures 
with a single loading. A multiple-expo- 
sure positioning bar permits up to 10 
traces to be photographed on a single 
frame. The lens aperture is {/1.9, and 
shutter speeds are from 1 to 1/100 sec. 
(Beattie-Coleman Inc., Dept. 292) 


™ PULSED NEUTRON GENERATOR consists 
of a deuteron source and various elec- 
trodes for extraction and acceleration of 
the beam of ions to.100 kev. Neutrons 
are produced by a reaction of the deu- 
terons with a deuterium or tritium tar- 
get. The yield exceeds 6 x 10° neutrons/ 
sec from the H?(d,n) He?’ reaction. Pulse 
duration is 200 usec, and repetition rate 
is 60 cy/sec. Deuteron current is between 
1 and 2 ma during the pulse. The vac- 
uum system, in which a mechanical 
pump and a 4-in. mercury pump are 
used, forms an integral part of the in- 
strument. (Atomic Laboratories, Inc., 


Dept. 306) 
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FOR COLUMN CHROMATOGRAPHY... 
Both Time and Drop Counting Operation 


Model 230 Automatic Fraction Collector utilizes the 
accurate drop-counting method of fraction cutting to pro- 
vide precise volume measurement and clean separations. 
Mixing, contamination and evaporation are precluded 
by avoiding the use of intermediate collecting vessels, 
glass arms and funnels. Drops are counted as they fall 
from the column directly into the collecting tubes. 
Ease of operation and a high degree of reliability have 
been attained by not using complicated mechanisms | aan 
or complex indexing systems. The overall result is | 
high quality performance at moderate cost. 


Request full information. Ask for bulletin 230. sen 
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™ LABORATORY AUTOCLAVE has 1-gal ca- 
pacity and operates at temperatures up 
to 350°C. Models are available for use 
at pressures of 600 and 1200 Ib/in?. 
Agitation of contents is provided by a 
flat-blade turbine or by a_ propeller, 
Openings are through a body flange so 
that removal of the cover does not neces- 
sitate disturbing equipment connections, 
Either steam-jacket or electrical heating 
can be provided. (Pressure Products 
Industries Inc., Dept. 313) 


® CURRENT INTEGRATOR measures the to- 
tal quantity of electricity used in quanti- 
tatively reducing or oxidizing substances 
being analyzed. Readings are made di- 
rectly in millifaradays in three ranges, 
The voltage developed by the current 
through a standard resistor is compared 
with the output of a precision generator. 
The generator is controlled to maintain 
the voltages equal to one another. Under 


this condition, the rate of rotation of the , 


generator is proportional to the current 
and the generator revolutions are counted 
by a mechanical counter, which accom- 
plishes integration. Accuracy is better 
than +0.1 percent of full scale. (Ana- 
lytical Instruments Inc., Dept. 304) 


@ DEHYDRATION UNIT furnishes gas of 
dew point —150°F and 5-y filtration. 
Diameters range from 2 to 8 in. The de- 
hydrator keeps to desiccant under spring 
compression to eliminate the voids and 
fissures which would otherwise develop 
as the volume changed. (Dehydrators 
Inc., Dept. 302) 


@ DIELECTRIC-TEST CELL is designed for 
use in the proposed ASTM method for 
determining the dielectric constant and 
dissipation factor of polyethylene by dis- 
placement of benzene. The gold-plated 
cell is equipped with an overflow pipe 
to maintain constant level. The cell’s 
sensitivity is +0,001 for dielectric con- 
stant and +0.00005 for dissipation fac- 
tor. Its accuracy is approximately half 
its sensitivity. (Buck Engineering Co., 
Inc., Dept. 307) 


™ MOVING-COIL INDICATOR is a miniature 
coremagnet type 7/16 in. in diameter. 
The instrument is hermetically sealed 
and designed to withstand severe vibra- 
tion. It is available with either flag or 
pointer display and in a variety of elec- 
trical sensitivities and functions. (Marion 
Electrical Instrument Co., Dept. 310) 


@ RADIOFREQUENCY VOLTMETER has sen- 
sitivity of 300 uv for frequencies from 
50-kcy to 600-Mcy/sec. Eight ranges 
cover from 1 mv to 3 v (full-scale). A 52- 
ohm adapter facilitates high-frequency 
measurements on coaxial systems. (Boon- 
ton Electronics Corp., Dept. 311) 

JosHua STERN 
National Bureau of Standards 
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CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 


DISPLAY : Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 

















Wili| POSITIONS WANTED ji 





Agricultural Scientist, Ph.D.; 5 years as direc- 
tor of agricultural research group engaged in 
extensive field and laboratory studies in agron- 
omy, pathology and chemistry; 8 years of re- 
search and teaching plant pathology and micro- 
biology major university and experiment station. 
Proven research and _ administrative ability; 
publications; age 39. Box 206, SCIENCE. 
9/12 





Microbiologist, Ph.D., August 1958; 3 years 
academic research experience, microbiological 
methods, physiological bacteriology, mycology. 
Seeks industrial or academic research position. 
Box 205, SCIENCE, x 


ili POStT1ONS OPEN iil 


(a) Library Scientist; key administrative open- 
ing, scientific information department, important 
eastern pharmaceutical house; requires mature 
person with biological-chemical training; to 
$14,000. (b) Bacteriologist and (c) Chemist; 
M.S. or better for newly created opportunities, 
expanding laboratory, general hospital now 300 
beds; important southern capital city. (d) Bac- 
teriologist; active, congenial laboratory; 275- 
bed Texas hospital; to $5400. (e) Chemist; 
M.S.; help plan new department in expanding 
hospital to be over 200 beds; approved school 
for pathologists; to $7500; stable industrial com- 








munity 50,000; Midwest. Woodward Medical 
Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. X 








LIBRARY SCIENTIST 


Mature person with biological-chemical 
training for key administrative position. 
Pharmaceutical industry experience pref- 
erable. Write stating qualifications and 
salary desired to 


Wyeth Laboratories 
Box 8299 
Philadelphia 1, Pa. 











Physical Chemist 
An expanding Midwest pharmaceutical 
company needs a Ph.D. physical chemist 
with microbiological training to do re- 
search on paper chromatography and anti- 
biotics assay. Write, stating background 
and experience to: 
Technicai Employment Coordinator 
THE UPJOHN COMPANY 
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|| POStTIONS OPEN jill 


Chief Medical Technologist to supervise clini- 
cal chemistry laboratory. B.S. and experience 
are minimum requirements. Contact Personnel 
Department, Cleveland Clinic Foundation, 2020 
East 93 St., Cleveland 6, Ohio. < 








Pharmacologist. Opportunity with ethical phar- 


maceutical company, West Coast. Ph.D. or 
equivalent. Please send full résumé to Personnel, 
Riker Laboratories, Inc., Northridge, Califor- 
nia. 9/12, 26; 10/10 





Ph.D. in Biological Science, recent or expected, 
research in pharmacology ; ethical drug company, 
New York; good opportunity for man preferring 
small organization; $6500 to $7500. Box 20 

SCIENCE. / 


2. 
9/5 








IMI POStrIONS OPEN jill 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22 N.Y. ew 








Senior Research Pharmacologist. Excellent op- 
portunity exists for young Ph.D. with industrial 
experience in small, progressive pharmaceutical 
firm in upstate New York. Have a leading part 
in exciting and varied research program. Prefer 
man with cardiovascular and/or gastrointestinal 
interests. Excellent salary and fringe benefits. 
Inquiries will be held confidential. Send full 
information to Box 200, SCIENCE. 8/29, 9/5 
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WillbePaid 


by 
Addressee 





USE THIS EASY SELF-MAILER to obtain 
further information 


sg, 
Neaders erutce 


Information Requisition 


5 September 1958 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


From: 
GUNN 6 hie cic ota Clemo hoe SCR alee Gs karcwe ot a5 ome obe 
INN orci echo tiienie <6 ae ceca etiews 6 me.beb OM Poe Ter yt 
WOME, oss Kune apa Waja.s,6, 0. w aiark aad eee oe Debaa atc Pe A 
CR. os 4 Sc AT Teele e tT Ei 15S ee j 


Postage Stamp 


If Mailed in the 
United States 





BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 








Room 740 


ovihice ; Sooniice 
To: SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 









The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 





DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 


established. 
Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 
For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

















Ii B©OKS AND MAGAZINES ffl 


Your sets and files of 


scientific. journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
fet prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


|\\\| PROFESSIONAL SERVICES || 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of the nation’s largest 
book publishers is seeking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, send for booklet 28A — it’s free. Vantage 
Press, 120 W. St., New York 1. (Branches in: 
Washington, D.C., Chicago, Hollywood, Calif.) 

















yD / “*< : 
Neaders eCrulce 


Information Requisition 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


292 302 304 306 


ADVERTISERS IN THIS ISSUE 


5 September 1958 


307 310 311 313 





In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, ‘*L’’ 
lower ad, “I” inside ad, ‘‘M’’ middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to specify on this coupon the par- 
ticular item in which they are interested; otherwise, the request cannot be 
processed. 


0 494,A 0 494, B 0 494, C O 495 0 496 
0 497 0 498* 0 499* 0501 0 502 
0 504 0 540 0 541, Ul 0 541, Ll 0 541,0 
0D 542, uo 0 542, UM 0 542, ul 0 542, Lo O 542, Li 
0 543* 0 544 0 545, ul 0 545, uo 0 545,L 
0 546, uO 0 546, ul 0 546,L 0 547 0 548,A 
O 548, B 0549 0 550 0551, ul 0 551, uo 
O 551,L 0 552 0 555 0 556 

554 
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. ANALYSES 
EVALUATIONS, CONSULTATION 
MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C, 
ae Formerly FOOD RESEARCH LABORATORIES, INC. 











LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Oly. $, 1921 Watnut St., Philadelphia 3, Pa. 


Food & Drug problems 
Pharmacological thmens 
HI SUPPLIES AND EQUIPMENT |jj 




















Sprague-Dawley, Inc. 

Pioneers in the development of the 
standard laboratory rat. | 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madi 5, Wi 
Phone: CEdar 3-5318 


DL-LYSINE 1-C"4 


other High Radiopurity tagged compounds 


crass 
































‘ * 0 7 HTEM 
& wy 
Pere 
albino rats : 
*Descendants of the * 
Sprague-Dawley and 

istar Strains 
oe 
Hypophysectomized 
Rats 





HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 


WHITE MICE 


Hamsters, Guinea Pigs and Rats 
4. E. STOCKER Box4 Ramsey, N.J. 


e HYPOPHYSECTOMIZED RATS 


— to all points via Air Express 

or further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 





























INC, 
MUseum 1-4156 
CABLE: RESEARCH 
ES 


AND LABORATORY ANIMALS 
FROM THE WORLD OVER 


Cages 
“A Service for the Discriminate Researcher” 
Quality Integrity Dependability 


“OUR PREVIOUS AD 


RESEARCH ANIMALS, 

3401 FIFTH AVENUE 

PITTSBURGH 13, PA. 
PRI 








created a great deal of interest, 
| for which we are grateful. Addi- | 
| tional advertising in your magazine 
! is contemplated.” ] 
l 


SCIENCE, VOL. 128 
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mi} THE SARGENT 


LABORATORY 
RECORDER 


( Patents Pending) 





An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 





© MULTI-RANGE—40 ranges. 
® MULTI-SPEED—9 standard chart speeds with 


—~ 

















Designed and Manufactured by 
E. H. SARGENT & CO. 


provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 


measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


Style: Vertical strip chart recorder, designed for labora- cording, magnetic brake eliminating coasting when stopped 
tory bench operation. Assembly of three individual, sep- and free clutch position with separate provision for rapid 
ey arable, and self contained units; viz., control panel assem- non-synchronous drive. 
y bly, amplifier and power supply chassis, and chart and pen Recording speeds of 4%, %, 1, 1%, 2, 2%, 4, 8, and 12 
; drive chassis unit. inches per minute, selected by interchange of two gears on 
Automatic null balancing potentiometric system with end of chassis. , 
\ standard cell standardization by panel control, conven- Free clutch or neutral drive at the rate of approxi- 
tional chopper-amplifier method with special Sargent high mately 20 feet per minute in either direction for rapid 
gain amplifier and high stability Sargent bridge power sup- scanning of recorded information, chart reroll, or chart 
A. ply using combined or alternate dry cells and mercury cells. positioning. ; 
ABS. Use of the latter obviates need for standardization over very Recording either by automatic take-up on roll or with 
long periods. free end chart and tear off. 
mo Ranges: Multiple full scale ranges selected by panel range _Synchronous switching outlet for automatic synchro- 
fm |] switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, nization of external devices with recording. 
) 1250, 2500. All ranges are made direct reading as full scale Pen Speed: 1.8 seconds full scale. Other speeds can be 
deflection in millivolts, milliamperes, or microamperes by provided on special order with change of motors. 
NJ. use of an associated units selector switch. All 33 scales pro- Bridge: Special Sargent specification, ganged Helipot with 
ae vide true potentiometric measurement. An additional series resolution several times common commercial practice. 
RATS of the same eleven ranges in terms of volts is provided by an Provision for coupled transmitting potentiometer for out- 
8 additional selector switch position, this series using a divider put to integrating circuits, etc. 
ses input with an impedance of one megohm. Damping: Dynamics controlled with single panel knob 
9, lil, True potentiometric measurements are thus provided to adjustment of amplifier gain. 
a maximum of 2.5 volts, higher voltages only being Dimensions: Width, 21% inches; depth, 13 inches; height, 
measured through a divider. 24 inches; weight, about 75 pounds. 
+156 Accuracy: 0.1% or 20 microvolts, whichever is greater. S-72150 RECORDER — Potentiometric, Sargent. Com- 
Chart: Width, 250 mm; length, 120 feet. Ruling rational plete with two S-72165 chart rolls; two each S-72175 
MALS with all ranges on a decimal basis. Indexed for reference. pens; red, blue and green; input cable assembly; syn- 
TER Graduated steel scale provides for any necessary correc- chronous switch cable assembly; plastic dust cover; spare 
tion of calibration. Two-position writing plate, i5° or ring for take-up mechanism; spare pen drive cable as- 
rcher” 40° from vertical. sembly; and fuses. For operation from 115 volt, A.C. 
ility Chart Drive: Forward drive recording, reverse drive re- single phase, 60 cycle circuits....... eer 
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SAI 4 CS E N : SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 





E. H. SARGENT CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. * DALLAS 35, TEXAS * BIRMINGHAM 4, ALA. * SPRINGFIELD, N. Js 





Here’s how you can 


MEASURE OPTICAL PATH DIFFERENCE 
with the AO-Baker Interference Microscope 


1. First, as shown in the photomicrograph* above, the 2. Next, the analyzer was rotated until the nucleus of 
microscope analyzer was rotated until the background the cell was pepagnt to extinction. Averaged settings 

was brought to extinction. Readings were taken directly resulted in reading of 138.2°. 

from the analyzer scale. Averaged settings resulted in 

reading of 70.4°. 


3. The Optical Path Difference, in degrees, is twice the difference between the two readings: 
135.6° 

OPD = 2 (138.2°-70.4°) =135.6°, or OPD = ( 360° ) 546 = .206 Microns. 
Optical path difference measurements can be made to an optimum accu- 
racy of 1/300 wavelength. This unique ability to measure optical path 
thicknesses is in itself of great importance. But even more important, 
these measurements can be converted into a variety of quantitative infor- 
mation of great potential value. Water and protein content of a cell, for 
example, may be measured. Materials such as glass, plastics, emulsions, 
textiles can be examined. 


While the AO-Baker Interference Microscope is primarily a quantitative 
instrument, it also offers unique advantages for qualitative observations 
through variable intensity contrast and dramatically effective variable 


color contrast. 
*Photomicrographs taken by Mr. Lynn C. Wall, Medical Division, Eastman Kodak Co. Data: Epithelial Cell. 
AO-Baker Interference Microscope, 40X Shearing objective, 10X eyepieces. Corning filter CS4-120 with AO 
Model 630 Pulsarc Illuminator to transmit monochromatic light at .546 microns. 


WRITE FOR COMPLETE INFORMATION 


: : Dept. I-1 
A merncan | yl Tel Please Send me your NEW COLOR BROCHURE SB7 on the 
) | AO-BAKER INTERFERENCE MICROSCOPE. 
ty Company B NAME 
‘ : ADDRESS 
CITY. ZONE STATE 








INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 











